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Preface 


The  purpose  of  this  study  was  to  compare  the  performance 
of  three  alternative  methods  of  calculating  inventory  safety 
stock  in  the  commissary  environment  to  the  performance  of  the 
current  safety  stock  levels. 

I  wish  to  extend  my  thanks  to  Lieutenant  Colonel  Larry 
Emmelhainz  for  his  sound  guidance,  encouragement  and 
understanding.  I  am  also  indebted  to  Captain  Mike  Stark  at 
Air  Force  Commissary  Service  headquarters  for  providing  the 
data  and  simulation  model  used  in  this  study. 
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Abstract 

The  purpose  of  this  research  was  to  study  alternative 
methods  of  computing  safety  stock  in  the  commissary  operating 
environment.  Safety  stock  calculation  methods  designed  to 
deliver  a  predetermined  level  of  customer  service  were  the 
primary  area  of  concentration.  The  Air  Force  Commissary 
Service  (AFCOMS)  provided  the  data  for  this  research,  which 
was  from  the  Randolph  AFB  commissary  store.  The  current 
safety  stock  levels  constituted  the  baseline  for  this  study. 
Another  method,  recommended  by  Bytronic  Technologies 
Corporation  in  a  1987  report  to  AFCOMS,  was  also  tested. 

A  regression  model  was  built  to  relate  customer  service 
level  (Not- In-Stock  Rate  (NIS))  to  measures  of  buffer  stock 
and  demand  variability.  Four  1100  item  samples  were  prepared 
with  safety  stock  levels  computed  with  each  of  the  methods. 
Each  sample  was  input  to  a  SLAM  II  simulation  model  of  a 
commissary  store  inventory  system.  The  performance  statistics 
the  model  produced  were  the  primary  means  of  comparing  the 
techniques . 

After  analyzing  the  performance  of  each  technique,  it  was 
determined  that  none  of  the  methods  was  clearly  superior  to 
the  others.  Baseline  safety  stock  levels  are  set  too  low  to 
attain  AFCOMS'  goal  of  a  two  percent  NIS  rate.  The  targeted 
service  level  methods  over-allocated  safety  stock  to  all  but 
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the  high  demand  items.  NIS  rates  of  other  than  high  demand 
items  were  consistently  below  the  target  level.  The  Bytronic 
method  performed  well  with  high  variability  items,  but  was 
ineffective  with  other  items. 
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A  COMPARISON  OF  INVENTORY  SAFETY  STOCK 


CALCULATION  METHODS  FOR  THE 
AIR  FORCE  COMMISSARY  SERVICE 

I .  INTRODUCTION 

General  Issue 

The  Air  Force  Commissary  Service  (AFCOMS)  operates  146 
grocery  stores  on  Air  Force  installations  throughout  the 
world.  These  stores  sell  grocery  products  at  cost  plus  a  five 
percent  surcharge.  Commissary  patrons  save  an  estimated  25 
percent  on  their  groceries,  and  as  a  result,  commissary 
privileges  are  considered  a  key  personnel  retention  factor. 
In  a  recent  survey  the  commissary  was  judged  the  second  most 
important  nonpay  compensation,  ranking  just  behind  medical 
benefits.  AFCOMS  sales  totaled  $2.2  billion  in  1987,  making 
AFCOMS  the  tenth  largest  food  retailer  in  the  United  States. 
(Air  Force  Commissary  Service,  1988:  152-153) 

The  wide  geographic  separation  of  commissary  stores 
creates  difficult  logistical  problems.  Most  grocery  retailers 
have  many  stores  in  the  same  geographic  area.  These  stores 
can  be  restocked  from  a  centrally  located  distribution  center. 
With  few  exceptions,  AFCOMS  stores  are  geographically  isolated 
from  one  another.  Because  it  is  not  practical  to  restock 
stores  from  a  distribution  center,  each  commissary  maintains 
its  own  warehouse.  At  the  Wr ight-Patterson  AFB  commissary. 
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for  example,  the  in-store  warehouse  stocks  about  60  percent  of 
the  store's  12,000  line  items.  Each  commissary  deals  directly 
with  food  brokers  and  manufacturers'  representatives  who  visit 
the  store  regularly  to  take  an  order  to  restock  the  store's 
warehouse.  Delivery  lead  time  varies  from  several  days  to 
several  weeks  for  the  different  products,  and  is  often 
variable  for  any  one  product  as  well.  Because  of  the 
reordering  and  delivery  lead  times,  these  are  the  products  the 
commissary  sometimes  experiences  difficulty  keeping  in  stock 
all  the  time.  (Johnson,  1990) 

The  remaining  40  percent  of  the  Wright-Patterson  APB 
commissary's  inventory  items  are  either  restocked  by  the 
vendor,  e.g.  soft  drinks  and  potato  chips,  or  are  frequent 
delivery  items.  Frequent  delivery  items  are  high  volume  items 
that  are  ordered  daily  from  a  local  grocery  distributor  and 
delivered  the  next  day.  Both  frequent  delivery  and  commissary 
warehouse  items  are  restocked  in  the  evenings  by  a  contractor. 
(Johnson,  1990) 

Variable  and  sometimes  long  lead  times,  and  inventory 
constraints  make  it  difficult  to  avoid  stockouts  of  the 
warehouse  stocked  items.  At  the  Wright-Patterson  APB 
commissary  there  are  typically  200  items  not  in  stock  on  any 
given  day  (Solheim,  1990).  Stockouts  are  costly  to  the 
commissary  in  the  form  of  lost  sales  and  annoyed  customers. 
Generally,  inventory  availability  is  the  single  most  important 
element  in  the  mix  of  customer  service  elements  (Armstrong, 
1985:43) . 
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The  Automated  Commissary  Operations  System  (ACOS)  is  the 
computerized  system  APCOMS  developed  in  the  early  1980 's 
(Bytronics,  1987:9).  ACOS  is  used  in  managing  "all  aspects  of 
the  commissary  store-  and  region-level  operations,  including 
troop-support,  receiving,  accounting,  checkout,  inventory 
control,  purchasing,  pricing,  and  shelf  stocking"  (Bytronics, 
1987:10). 

One  important  element  of  ACOS  is  the  Suggested  Order 
Program.  Shortly  before  a  vendor  is  scheduled  to  call  on  a 
store,  ACOS  produces  a  Suggested  Order  Report  that  lists  all 
of  the  vendor's  products  with  a  suggested  order  quantity.  The 
vendor  reviews  the  ACOS-generated  Suggested  Order  with 
commissary  management  to  decide  what  the  actual  order  should 
be  (Kleaver,  1990).  ACOS  generates  the  Suggested  Order  based 
on  an  algorithm  that  takes  into  account  average  daily  demand, 
lengths  of  the  review  period  and  lead  times,  number  of  safety 
days,  and  demand  trend  (Stark,  1987:78).  Commissary 
management  typically  overrides  fifty  percent  of  the  suggested 
orders  with  their  own  qualitatively  derived  order.  Management 
generally  increases  the  suggested  order  based  on  their 
experience.  The  override  could  be  caused  by  a  variety  of 
factors,  such  as  seasonality  or  an  upcoming  price  discount. 
(Kleaver,  1990). 

The  header  information  on  each  Suggested  Order  Report 
lists  certain  information  about  the  vendor:  the  order  review 
period,  order  lead  time,  and  number  of  safety  days  of 
inventory  that  must  be  maintained.  These  three  key  values  are 


3 


determined  by  the  vendor  -  but  must  be  agreed  upon  by  the  item 
buyer.  These  values  can  be  changed  at  the  commissary  store 
level  to  reflect  changes  agreed  upon  by  store  management  and 
the  vendor  (Berger,  1990).  The  same  inventory  safety  days 
level  is  assigned  to  all  of  a  vendor's  products  regardless  of 
the  variability  in  demand  of  individual  items  within  the 
vendor's  product  line  (Berger,  1990).  Management  at  the 
Wright-Patterson  AFB  Commissary  noted  that  the  vendor  header 
information  can  become  outdated  if  it  is  not  closely 
monitored.  There  is  no  automated  procedure  for  updating 
inventory  safety  days  (Solheim,  1990).  Inaccurate  information 
for  safety  days  can  contribute  to  excess  inventory  if  the 
number  is  too  high,  or  to  not  in  stock  conditions  if  the 
number  is  too  low. 

It  is  an  AFCOMS  goal  to  maintain  commissary  store 
inventory  values  at  65  percent  of  monthly  store  sales. 
However,  at  Wright-Patterson  AFB  this  figure  is  typically 
closer  to  80  percent,  and  sometimes  approaches  100  percent 
(Solheim,  1990).  It  is  an  AFCOMS  objective  to  maintain  a  two 
percent  Not-In-Stock  (NIS)  rate  -  the  NIS  rate  representing  a 
measure  of  customer  service.  In  many  companies  safety  stock 
and  customer  service  are  tradeoffs  (Stock  and  Lambert, 
1987:416).  High  safety  stocks  translate  into  high  inventory 
carrying  costs  and  good  customer  service  levels,  whereas  low 
safety  stocks  mean  lower  inventory  carrying  costs  and  a  poor 
customer  service  level  (Stock  and  Lambert,  1987:360,  416). 
Inventory  levels  increase  disproportionately  as  customer 


service  levels  approach  100  percent  (Stock  and  Lambert, 
1987:416)  . 

Specific  Problem 

Assigning  the  same  safety  day  value  to  all  of  a  vendor's 
products,  regardless  of  each  product's  demand  variability,  is 
not  likely  to  produce  an  optimum  number  of  safety  day^  o* 
inventory  for  each  item  stocked.  Such  a  method  of  allocating 
safety  stock  inventory  is  much  more  likely  to  produce  excess 
safety  stock  inventory  for  some  items,  and  inadequate  levels 
of  inventory  for  others.  AFCOMS  does  not  currently  have  an 
effective  method  for  determining  the  optimum  number  of  safety 
days  of  inventory  for  each  item  stocked. 

Research  Objective  and  Questions 

It  is  the  objective  of  this  research  to  connect  a  measure 
of  customer  service  (NIS  rate)  with  the  safety  stock  level  by 
developing  a  method  for  assigning  a  safety  day  level.  This 
research  will  attempt  to  develop  a  method  that  will 
effectively  match  products,  based  on  their  variability  of 
demand,  to  a  particular  safety  day  level  that  will  maintain 
the  desired  NIS  rate.  The  cost  and  effectiveness  of  three 
service  level  approaches,  as  well  as  one  other  method  of 
setting  safety  stock  levels,  will  be  compared  with  the  cost 
and  effectiveness  of  the  commissary's  current  safety  stock 
levels  (baseline).  Specific  research  questions  are: 

1.  To  what  extent  can  an  equation  be  fitted  to  the 
response  surface  that  relates  a  measure  of  an  item's  demand 
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variability  and  the  desired  NIS  level  to  the  required  number 
of  safety  days? 

2.  To  what  extent  can  four  alternate  methods  of 
computing  safety  stock  be  used  in  the  commissary  operating 
environment  to  produce  lower  inventory  and/or  better  in-stock 
rates? 

Justification 

With  146  stores,  each  with  an  inventory  of  as  many  as 
10,000  individual  items,  APCOMS  has  an  enormous  investment  in 
inventory.  The  current  method  of  determining  safety  stock 
probably  does  not  allocate  AFCOMS '  limited  inventory  funds  so 
that  customer  service  is  maximized,  nor  does  it  necessarily 
keep  inventory  at  the  appropriate  level.  This  research  should 
allow  AFCOMS  to  establish  inventory  levels  policy  with  much 
greater  confidence.  This  improved  policy  can  then  be  used  to 
better  control  funds  invested  in  inventory. 

Scope 

This  research  will  be  conducted  using  daily  demand  data 
for  the  warehoused  items  at  the  Randolph  AFB  commissary. 
These  data  were  collected  electronically  by  AFCOMS.  The 
primary  interest  of  this  research  is  the  service  level 
technique  of  establishing  safety  stock.  AFCOMS'  current 
safety  stock  levels  are  used  as  a  baseline  for  this  analysis, 
and  three  alternate  methods  of  establishing  safety  stock  are 
included  for  comparison. 
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Plan  of  the  Research 


Chapter  two  is  a  review  of  literature  pertaining  to 
inventory  safety  stock  and  methods  for  establishing  it.  The 
ramifications  of  not-in-stock  conditions,  and  means  of 
measuring  customer  service  are  also  discussed.  A  previous 
AFIT  Masters  thesis  on  topics  related  to  this  research  is 
examined.  Chapter  three  explains  the  methodology  that  will  be 
used  to  carry  out  this  research.  Chapter  four  is  an  analysis 
of  the  results  of  this  study.  Based  on  the  results  developed 
in  chapter  four,  conclusions  and  recommendations  are  discussed 
in  chapter  five. 
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II.  LITERATURE  REVIEW 


Introduction 

The  objective  of  this  chapter  is  to  provide  background  in 
the  areas  of  inventory  control  and  safety  stocks,  on  which 
this  study  is  based.  Beginning  with  fundamental  information 
about  safety  stock,  the  review  also  examines  stockout  cost 
models.  Next,  recent  research  that  analyzed  exactly  how 
commissary  customers  reacted  to  actual  not-in-stock  conditions 
is  discussed.  This  serves  to  establish  which  stockout  cost 
model  is  appropriate  in  the  commissary  environment.  Five 
methods  of  modeling  safety  stocks  are  described  as  an 
exploration  of  alternative  ways  of  approaching  the  problem  of 
setting  safety  stocks.  Recommendations  regarding  safety  stock 
calculations  contained  in  a  report  by  the  Bytronic 
Technologies  Corporation  present  another  way  to  establish 
safety  stock.  The  approach  of  setting  safety  stock  to  provide 
a  certain  level  of  service,  an  idea  which  is  of  paramount 
importance  to  this  research,  is  also  discussed.  Finally, 
significant  thesis  work  by  Captain  Michael  B.  Stark  in  the 
area  of  inventory  simulation  and  the  use  of  simulation  to  test 
various  inventory  models  is  examined. 

Safety  Stock 

Risk  and  uncertainty  are  the  reasons  for  the  existence  of 
safety  stock.  Safety  stocks  are  kept  on  hand  to  cushion 
against  stockouts  due  to  random  fluctuations  in  demand  or  lead 
time.  Safety  stocks  cover  demand  during  the  replenishment 
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lead  time  if  actual  demand  exceeds  expected  demand,  or  if 
actual  lead  time  exceeds  expected  lead  time.  Safety  stock  is 
also  defined  to  be  the  average  net  stock  just  before  a 
replenishment  arrives  (Silver  and  Peterson,  1985:254).  Safety 
stock  decreases  the  firm's  stockout  costs,  but  increases 
inventory  carrying  costs.  (Tersine,  1976:210) 

Safety  stock  provides  diminishing  marginal  benefit.  As 
the  level  of  safety  stock  is  increased  the  probability  of  a 
stockout  decreases.  When  the  safety  stock  level  is  increased 
to  a  point  where  the  probability  of  a  stockout  approaches 
zero,  adding  additional  safety  stock  is  not  beneficial  and 
only  increases  inventory  holding  costs.  The  optimum  safety 
stock  level  is  at  the  point  where  the  inventory  carrying  cost 
of  additional  units  plus  the  expected  stockout  cost  is  at  a 
minimum.  (Tersine,  1976:210) 

Aucamp  describes  three  stockout  cost  models: 

1.  Expedite  Model.  In  this  situation  stockouts  result 
in  backorders  which  are  quickly  filled  by  expediting.  A  one¬ 
time  expedite  charge  and  possibly  a  loss  of  goodwill  are 
experienced  in  this  case. 

2.  Backorder/Nonexpedite  Model.  This  model  applies  in 
situations  where  stockouts  are  back  ordered,  but  there  is  no 
expediting.  The  primary  stockout  cost  is  assumed  to  be  the 
loss  of  goodwill.  The  loss  of  goodwill  builds  up  day  by  day 
until  the  order  is  received. 

3.  Lost  Sales  Model.  In  this  model  stockouts  are  not 
backordered.  A  stockout  is  a  lost  sale,  and  results  in  a  loss 
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of  profits  and  possibly  goodwill.  (Aucamp,  1986:127-131) 

Because  backordering  is  not  practical  nor  widely 
practiced  in  the  food  retailing  industry  the  Lost  Sales  Model 
best  applies  to  the  commissary  environment.  This  situation  of 
the  consumer  going  elsewhere  to  satisfy  his  or  her  needs  is 
most  common  in  the  retail -consumer  link  (Silver  and  Peterson, 
1985:253).  In  the  commissary  environment  stockouts  are 
definitely  costly.  When  faced  with  an  out  of  stock  condition 
the  customer  can  take  one  of  three  actions:  substitute  another 
item,  delay  purchase  until  the  item  is  back  in  stock,  or 
purchase  the  item  at  another  store.  In  research  into  how 
commissary  customers  react  to  not-in-stock  conditions  by 
Emmelhainz  et  al  .  ,  1182  Wright-Patterson  AFB  commissary 

customers  who  had  faced  at  least  one  out  of  stock  condition 
where  queried.  Figure  1  is  a  decision  trea  which  shows 
consumers'  possible  behavior  options  when  faced  with  a 
stockout,  and  how  consumers  actually  reacted  at  the  Wright- 
Patterson  commissary.  While  36.2  percent  of  these  customers 
elected  to  substitute  another  item,  63.8  percent  decided  to 
delay  purchasing  the  item  or  go  to  another  store.  Of  the 
latter  group  of  customers,  60.6  percent  planned  to  buy  the 
item  at  a  different  store.  Of  the  total  2810  customers 
contacted,  42.1  percent  had  been  unable  to  buy  at  least  one 
product  due  to  out-of-stock  conditions  (Emmelhainz  et  al . , 
1989:5-7).  The  revenue  loss  of  the  lost  sale  is  a  direct 
stockout  cost  and  possibly  results  in  an  erosion  of  customers' 
goodwill  (Tersine,  1976:212).  As  Millar  states,  "A  run  of 
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out-of -stocks  means  lost  sales  for  every  other  item,  when  the 
customer  is  lost"  (Millar,  1980:109). 


ANY  ACTUAL  OUT-OF 
n  3  1182 
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DIFFERENT  (11.8) 
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Figure  1.  Customer  Behavior  When  Faced  with  a  Stockout 
(Emmelhainz  et  al . ,  1989:15) 


Models  of  Safety  Stock 

Silver  and  Peterson  present  five  methods  of  modeling 
safety  stock  determination  (Silver  and  Peterson,  1985:260- 
267) : 

1.  Safety  Stocks  Established  Through  the  Use  of  a  Common 
Factor.  Two  approaches  to  this  method  are  to  use  time 
supplies  or  safety  factors  as  the  common  factor.  With  equal 
time  supplies,  the  safety  stocks  of  a  large  group  of  (if  not 
all)  items  in  an  inventory  are  set  equal  to  the  same  time 
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supply.  For  example,  an  item  would  be  reordered  when  its 
inventory  position  minus  forecasted  lead  time  demand  drops  to 
a  one  month  supply  or  lower.  The  problem  with  this  approach 
is  that  it  fails  to  account  for  differences  in  uncertainty  of 
forecasts  from  item  to  item. 

For  equal  safety  factors  safety  stock  (SS)  is  defined  as 
the  product  of  two  factors: 

SS  =  k  a  ( 1 ) 

where 

k  =  the  safety  factor 

a  =  the  standard  deviation  of  forecast 
errors  over  a  period  of  duration  L 

A  common  value  of  k  is  used  for  a  broad  range  of  items  (Silver 
and  Peterson,  1985:263).  This  is  essentially  the  method 
recommended  by  Bytronic  Technologies  for  the  commissary.  The 
Bytronic  model  uses  different  common  factors  depending  on  the 
item's  variability  of  demand. 

2.  Safety  Stocks  Based  on  Costing  of  Shortages.  Safety 
stock  level  is  based  on  a  fixed  cost  per  stockout,  a  charge 
per  unit  short,  or  a  charge  per  unit  short  per  unit  of  time. 
A  common  implementation  of  this  method  is  to  set  safety  stocks 
equal  to  3o  (Silver  and  Peterson,  1985:263) 

3.  Safety  Stocks  Based  on  Service  Considerations. 
Safety  stocks  are  set  to  deliver  a  certain  customer  service 
level,  usually  subjectively  set  by  management.  This  approach 
recognizes  the  severe  difficulties  associated  with  costing 
out-of -stocks .  The  service  level  is  the  control  parameter 
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used  in  establishing  safety  stock  of  an  item.  For  example, 
the  objective  might  be  to  minimize  carrying  costs  of  an  item 
subject  to  satisfying,  routinely  from  stock,  95  percent  of 
demands.  There  are  a  number  of  different  approaches  to 
measuring  service  level.  Descriptions  of  several  of  them  are 
contained  later  in  this  chapter.  (Silver  and  Peterson, 
1985:263-264) 

4.  Safety  Stocks  Based  on  the  Effects  of  Disservice  on 
Future  Demand.  This  approach  explicitly  makes  future  demand 
a  function  of  the  service  now  provided.  As  Silver  and 
Peterson  state,  "Although  this  approach  is  conceptually 
appealing,  it  is  very  difficult  to  ascertain  the  appropriate 
functional  form  to  use."  (Silver  and  Peterson,  1985:261) 

5.  Safety  Stocks  Based  on  Aggregate  Considerations. 
With  this  approach  safety  stocks  are  established  for 
individual  items,  using  up  a  set  available  budget,  to  provide 
the  best  possible  aggregate  service  across  a  population  of 
items.  The  objective  is  to  keep  the  investment  in  individual 
safety  stocks  low  while  meeting  a  desired  service  level . 
(Silver  and  Peterson,  1985:264) 

In  a  study  by  Zinn  and  Marmorstein,  simulation  was  used 
to  compare  two  alternative  methods  of  determining  safety 
stock.  For  the  first  method,  the  Demand  System,  safety  stock 
depends  primarily  upon  the  variability  of  demand.  In  the 
second  method,  the  Forecast  System,  safety  stock  level  is 
dependent  upon  the  variability  of  demand  forecast  errors. 
Results  of  the  study  indicated  that  the  Forecast  System 
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typically  required  15  percent  less  safety  stock  than  the 
Demand  System  to  provide  the  same  level  of  customer  service. 
Customer  disservice  was  defined  as  the  percentage  of  lead 
times  in  which  a  stockout  occurred.  For  individual  items  the 
safety  stock  savings  from  using  the  forecast  system  ranged 
from  near  zero  to  as  much  as  70  percent.  (Zinn  and 
Marmorstein,  1990:95-96) 

The  study  identified  the  independent  variables  that  have 
the  greatest  impact  on  producing  savings  by  the  Forecast 
System.  They  are,  in  order  of  importance,  variability  of 
demand,  absolute  level  of  demand,  forecast  quality, 
variability  of  lead  time,  customer  service  level,  and  absolute 
lead  time  level.  As  Zinn  and  Marmorstein  state,  "the  greater 
the  variability  of  demand,  the  greater  the  opportunity  to 
reduce  safety  stock  by  forecasting  demand  more  precisely" 
(Zinn  and  Marmorstein,  1990:96,  104-105). 

Bytronic  Technologies  Report  to  AFCOMS 

In  a  1987  report,  Bytronic  Technologies  Corporation 
studied  AFCOMS'  inventory  management  practices  and  made 
suggestions  for  improvement.  Bytronic  recommended 
establishing  safety  stocks  on  the  basis  of  demand  and  lead 
time  variability  through  an  ABC  classification  scheme 
(Bytronic,  1987:78). 

An  ABC  Analysis  involves  assigning  inventory  items  to 
categories,  usually  on  the  basis  of  their  annual  total  dollar 
volume  of  sales.  However,  inventory  items  can  be  assigned  by 
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a  number  of  different  criteria,  for  example,  unit  sales, 
demand  variability  or  item  profitability.  ABC  analysis  is 
based  on  the  Pareto  Principle  or  80/20  Rule  -  that  20  percent 
of  a  firm's  products  typically  account  for  80  percent  of  its 
sales.  Type  A  items  usually  make  up  the  largest  portion  of 
the  firm's  inventory  investment  (Stock  and  Lambert,  1987:419- 
420).  Type  A  items  (approximately  20  percent  of  inventory 
line  items)  are  the  firm's  most  important  items.  They  require 
close  attention  by  management  and  warrant  sophisticated 
inventory  control  measures.  According  to  Bytronic,  "it  is  not 
unusual  that  20  percent  of  the  SKU's  make  up  50  percent  or 
more  of  the  total  annual  carrying  charge"  (Bytronic,  1987:78). 
Type  B  items  are  somewhat  less  important  than  Type  A.  These 
items  make  a  lesser  contribution  to  the  firm's  sales,  and 
require  a  moderate  amount  of  attention.  Type  C  items  do  not 
usually  constitute  a  large  portion  of  the  firm's  inventory 
investment.  These  items  generally  tend  to  be  slow  movers 
which  are  easy  to  manage  (Silver  and  Peterson,  1985:67-69). 

ABC  classifications  set  up  on  bases  other  than  annual 
dollar  volume  of  sales  or  inventory  investment  are  sometimes 
used.  Bytronics  suggests  classifying  items  on  the  basis  of 
their  demand  variability  from  order  cycle  to  order  cycle,  or 
variability  in  lead  time  from  the  vendor.  Under  Bytronic 's 
classification  scheme,  a  Type  A  item  would  exhibit  high 
variability  in  demand,  lead  time,  or  both.  (Bytronic,  1987:78) 

Before  continuing  with  the  specifics  of  Bytronic's  safety 
stock  recommendations,  discussion  of  inventory  control 
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procedures  and  how  commissary  stores  fit  in  is  warranted. 

Inventory  Control  Procedures 

Inventory  control  procedures  can  be  classified  as  either 
proactive  or  reactive.  A  forecast  of  the  demand  for  the 
upcoming  period  is  used  to  set  inventory  levels  in  a  proactive 
system.  The  success  of  a  proactive  system  is  dependent  on 
forecast  accuracy.  According  toBytronic,  "Since  no  forecast, 
regardless  of  its  complexity,  will  be  consistently  accurate, 
practitioners  prefer  reactive  systems  when  they  have  a 
choice."  (Bytronic,  1987:78) 

A  reactive  system  responds  to  recent  action  in  setting 
inventories  at  appropriate  levels.  A  reactive  system  uses  a 
naive  forecast  under  the  assumption  that  the  demand  to  be 
experienced  in  the  future  is  approximately  equal  to  the  demand 
of  the  recent  past.  (Bytronic,  1987:79) 

Silver  and  Peterson  describe  four  of  the  most  common 
reactive  inventory  control  systems  (summarized  in  Table  1) 
that  are  appropriate  for  managing  inventories  with 
probabilistic  demand  (Silver  and  Peterson,  1985:256-260): 

1.  Order-Point,  Order-Quantity  (s,Q)  System.  Under  this 
continuous  review  system,  a  fixed  quantity  Q  is  ordered 
whenever  the  inventory  position  (stock  on-hand  and  on-order) 
drops  to  a  fixed  reorder  point  s,  or  lower.  This  system  is 
sometimes  called  the  two  bin  system  because  one  form  of 
implementation  is  to  have  two  bins  for  the  storage  of  an  item. 
When  the  supply  in  the  first  bin  is  exhausted,  the  second  bin 
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is  used  and  an  order  is  placed.  When  the  order  arrives  the 
second  bin  is  refilled,  and  the  remainder  is  placed  in  the 
first  bin.  There  is  little  chance  for  error  with  this  simple 
system.  This  system  may  not  be  effective  where  the  quantity 
size  of  individual  transactions  is  large.  If  the  transaction 
quantity  is  too  large,  the  replenishment  would  not  raise  the 
inventory  position  above  the  reorder  point.  (Silver  and 
Peterson,  1985:256,259) 

2.  Order-Point,  Order-Up-to-Level  (s,S)  System.  This  is 
also  a  continuous  review  system,  however  the  order  quantity  is 
variable.  Whenever  the  inventory  position  drops  to  the 
reorder  point  s,  or  below,  a  sufficient  quantity  is  ordered  to 
bring  the  inventory  position  up  to  the  order-up-to-level ,  S. 
Replenishment,  shortage  and  carrying  costs  for  the  best  (s,S) 
systems  are  no  greater  than  for  the  best  (s,Q)  systems. 
However,  finding  the  best  (s,S)  pair  is  extremely  difficult. 
A  disadvantage  of  this  system  is  that,  because  of  the  variable 
order  quantity,  errors  in  requisitioning  could  occur.  (Silver 
and  Peterson,  1985:256-257,259) 

3.  Periodic  Review,  Order-Up- to-Level  (R,S)  System. 
This  is  a  replenishment  cycle  system  and  is  commonly  used, 
particularly  in  companies  not  utilizing  computer  control. 
Every  R  units  of  time  (at  each  review  instant)  enough  stock  is 
ordered  to  bring  the  inventory  position  up  to  the  order-up-to- 
level,  S.  Two  advantages  of  this  system  are  that  it  allows 
replenishments  of  related  items  to  be  coordinated,  and  there 
is  a  regular  opportunity  (every  R  units  of  time)  to  adjust  the 
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Table  1 


Inventory  Control  System  Characteristics 


STsten 

Characteristics 

Advantages/ Disadvantages 

Order  Point,  Order 
Quantity  (s,Q) 

-  Continuous  Review 

-  Fixed  order  quantity,  Q 

-  Order  placed  when 
inventory  position  <  s 

-  Simple  operation 

-  Hot  effective  when 
individual  transactions 

are  large 

Order  Point,  Order 
Op-to-Level  (s,S) 

-  Continuous  Review 

-  Variable  order  quantity 

-  Hard  to  find  best  (s,S)  pair 

-  Possible  requisitioning 
errors  due  to  variable  order 

quantity 

Periodic  Review, 
Order-Op-to-Level 
(R,S) 

-  Periodic  review 

-  Variable  order  quantity 

-  Order-Qp-to-Level  can  be 
adjusted  easily 

-  Higher  carrying  costs  than  with 
a  continuous  review  system 

-  Easy  to  coordinate  replenishment 
of  related  items 

(R,s,S)  System 

-  Periodic  Review  version 
of  (s,S)  system 

-  Order-Op-to-level 

-  Order  placed  only  if 
inventory  pos  <  s 

-  Generally  produces  lower  costs 
than  the  other  systems 

-  Hard  to  find  best  combination 
of  parameters 

order-up-to-level ,  S.  This  is  a  useful  property  if  the  demand 
pattern  is  changing  with  time.  Carrying  costs  under  this 
system  are  higher  than  with  continuous  review  systems. 
(Silver  and  Peterson,  1985:258-259) 

4.  (R,s,S)  System.  This  system  can  be  thought  of  as  a 
periodic  version  of  the  (s,S)  system.  Every  R  units  of  time 
inventory  position  is  checked.  If  it  is  at  or  below  the 
reorder  point  enough  stock  is  ordered  to  raise  it  back  to  the 
order-up-to-level,  S.  If  the  inventory  position  is  above  s. 
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no  action  is  taken  until  the  next  review.  According  to  Silver 
and  Peterson,  "under  quite  general  assumptions  concerning 
demand  pattern  and  cost  factors  involved,  the  best  (R,s,S) 
system  produces  a  lower  total  of  replenishment,  carrying,  and 
shortage  costs  than  does  any  other  form  of  system."  A 
disadvantage  of  the  system  is  the  difficulty  in  finding  the 
best  values  for  the  three  control  parameters.  This  system  is 
also  more  difficult  for  inventory  clerks  to  understand. 
(Silver  and  Peterson,  1985:258,260) 

A  periodic  review  inventory  system  best  describes  the 
commissary  environment.  Orders  are  placed  during  the  periodic 
visits  by  vendor  representatives.  A  continuous  review  system 
is  not  used  in  the  commissary  environment  because,  although 
the  scanning  system  is  able  to  provide  a  perpetual  inventory 
count,  orders  are  only  placed  when  vendor  representatives 
call.  The  commissary  is  essentially  using  a  Periodic  Review, 
Order-Up-to-Level  (R,S)  System.  There  is  no  need  for  a 
reorder  point  (s),  as  in  the  (R,s,S)  System,  because  order 
costs  are  insignificant,  and  reorder  point  is  a  function  of 
ordering  costs.  Small  replenishments  can  be  made  frequently 
without  significant  cost.  (Bytronic,  1987:80) 

Bytronic  suggests  the  target  inventory  level  (S)  for  Type 
A  items  be  computed  as  follows  (Bytronic,  1987:80): 

S  =  M  {R  +  L)  +  B  (2) 

where 

M  =  historical  average  daily  demand 
R  =  number  of  days  between  vendor  reviews 
L  =  number  of  days  of  lead  time 
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B  =  Buffer  or  safety  stock 


Bytronics  recommends  subdividing  Type  A  items  into  two 
categories:  those  with  high  demand  variability,  and  those  with 
high  lead  time  variability.  For  those  items  with  high  demand 
variability  Bytronic  recommends  safety  stock  (B^)  be  set  at 
2.25  times  standard  deviation  of  demand  over  review  period  and 
lead  time  (Bytronic,  1985:84).  This  would  be  computed: 

Bju  -  2.25  (3) 

where  OjDJ  is  computed  by  first  approximating  o  at  1.25  times 
mean  absolute  deviation,  and  then  adjusting  for  length  of  the 
review  period  plus  lead  time: 


oirvT  -  a^R  +  L 


(4) 


where 

o  =  Approximated  standard  deviation  of  demand  over 
review  period  and  lead  time 
R  =  Review  Period 
L  =  Lead  Time 


For  items  exhibiting  high  lead  time  variability  Bytronic 
suggests  a  safety  days  buffer  (B^)  computed  as  follows 
(Bytronic,  1987:85): 

Bju  m  M  (L,,  ~  L)  (5) 

where 

M  =  Average  daily  demand 

L,  =  Reasonable  worst  case  lead  time 

L  =  Average  (vendor  quoted)  lead  time 

For  items  exhibiting  both  a  high  variability  of  demand 

and  lead  time  Bytronic  recommends  use  of  a  hybrid  method  that 

provides  for  both  variability  of  demand  and  lead  times 
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simultaneously  (Bytronic,  1985:86). 

Simple  20  and  10  percent  buffers  based  on  safety  days  are 
suggested  for  Type  B  and  C  items,  respectively.  This  buffer 
stock  is  computed  as  follows  (Bytronic,  1987:86): 

Bb  -  0.2M(R*L)  (6) 

Bc  -  0 ,1M(R  +  L)  (7) 

where 

M  =  average  daily  demand 
R  =  review  period 
L  =  lead  time 

Safety  Stock  and  Customer  Service  Levels 

Another  approach  to  safety  stocks  is  to  set  them  so  as  to 
deliver  a  certain  predefined  service  level.  This  approach, 
which  is  the  primary  focus  of  this  research,  was  not 
considered  by  Bytronics.  Because  of  the  extremely  high  cost 
of  trying  to  totally  eliminate  out-of -stocks ,  firms  usually 
consider  a  "reasonable"  number  of  out-of -stocks  acceptable. 
Tersine  states,  "the  policy  of  never  having  a  stockout  is 
usually  uneconomical"  (Tersine,  1976:301).  As  discussed 
earlier,  safety  stocks  are  subject  to  diminishing  marginal 
returns.  Increasingly  larger  additions  to  safety  stock  level 
result  in  increasingly  smaller  benefits  in  terms  of  affect  on 
the  NIS  rate. 

An  important  step  in  this  approach  is  to  establish  a 
service  level.  There  are  a  number  of  different  measures  for 
service  (summarized  in  Table  2).  Tersine  describes  three 
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common  service  measures  (Tersine,  1976:301-306): 

1.  Frequency  of  Service  per  Order  Interval.  This 
measure  indicates  the  probability  of  not  running  out  of  stock 
during  the  order  interval .  This  approach  does  not  consider 
the  magnitude  of  the  shortage,  only  whether  or  not  a  shortage 
of  at  least  one  unit  occurred.  It  is  defined  as  the  fraction 
of  order  intervals  without  a  depletion  of  stock.  (Tersine, 
1976:301-302) 

2.  Fraction  of  Units  Demanded.  This  measure  is  the 
fraction  of  units  (or  dollars)  demanded  which  is  immediately 
filled  from  stock.  Service  level  fraction  is  defined  as  the 
number  of  units  supplied  divided  by  the  number  of  units 
demanded.  The  stockout  level  fraction  is  defined  as  the 
number  of  units  short  divided  by  the  number  of  units  demanded 
(Tersine,  1976:303-305). 

3.  Fraction  of  Operating  Days.  This  is  a  measure  of  the 
length  of  time  the  shortage  or  stockout  exists.  The  service 
level  fraction  is  defined  as  the  number  of  operating  days 
without  a  stockout  divided  by  the  total  number  of  operating 
days.  (Tersine,  1976:305) 

Summary  of  Inventory  Safety  Stock  Literature 

This  literature  has  clearly  documented  the  severe 
consequences  of  excessive  not-in-stock  conditions,  and  the 
importance  of  maintaining  adequate  safety  stocks  in  a  retail 
environment.  The  alternative  methods  of  computing  safety 
stock  levels  described  by  Silver  and  Peterson  and  Bytronics 
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Table  2 

Calculation  of  Inventory  Service  Level  Measures 

(Tersine,  1976:301-306) 


« 

Service  Measure 

Calculation 

• 

Service  per  Order 

Interval 

luaber  of  order  intervals  with  a  stockout 

1 . 

Total  nuaber  of  order  intervals 

Fraction  of  Units 

Demanded: 

Cervice  Level  Fraction 

Kuaber  of  units  supplied 

Total  nuaber  of  units  demanded 

Stockout  Level  Fraction 

luaber  of  units  short 

Total  nuaber  of  units  deaanded 

Fraction  of  Operating  Days 

luaber  of  operating  days  without  a  stockout 

Total  nuaber  of  operating  days 

provide  insight  into  how  the  commissary  safety  stock  problem 
could  be  approached.  Zinn  and  Marmorstein  provided  an 
interesting  comparison  of  demand  versus  forecast  based 
systems.  The  background  set  forth  on  methods  for  computing 
safety  stock  enhance  understanding  of  the  three  proposed 
methods  incorporated  in  this  research. 

Related  Theses 

In  1987  Captain  Michael  B.  Stark,  then  a  Graduate 
Operations  Research  student  at  the  Air  Force  Institute  of 
Technology,  produced  a  thesis  which  compared  the  effectiveness 
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of  three  different  inventory  control  systems  in  the  commissary 
environment.  Using  SLAM  II  models.  Stark  simulated  the  system 
AFCOMS  currently  uses,  the  system  recommended  by  Bytronics, 
and  a  third  system,  the  Tijms  and  Groenevelt  procedure,  which 
was  taken  from  professional  literature.  The  models  basically 
mimic  and  track  inventory  movement  and  replenishment  on  an 
item  by  item  basis.  After  graduating  from  AFIT,  Captain  Stark 
was  assigned  to  AFCOMS  Headquarters,  where  he  has  continued  to 
work  on  the  model ,  and  has  made  significant  improvements  to 
his  original  thesis  work.  The  model  used  in  this  research  is 
actually  significantly  more  advanced  than  the  original  model 
described  in  Stark's  thesis  (Stark,  1990). 

Stark's  model  can  be  best  explained  by  describing  its 
four  components: 

1.  Input  and  Initialization.  The  model  accepts  as  input 
each  item's  Universal  Product  Code  (UPC),  unit  price,  review 
period  in  days,  lead  time  in  days,  average  daily  demand,  and 
the  standard  deviation  of  daily  demand.  These  data  are  read 
from  an  input  data  file  (Stark,  1987:57-58).  The  model 
initializes  the  inventory  position  values,  stock  control 
level,  and  on-hand  inventory  to  equal  average  daily  demand 
multiplied  by  the  total  number  of  days  of  lead  time  and  review 
period  (Stark,  1987:59).  Stark  estimates  the  model's 
transient  phase  to  be  360  days.  The  transient  phase  is  the 
time  needed  for  the  model  to  "be  'warmed-up'  in  order  to 
arrive  at  a  steady  state  condition"  (Stark,  1987:100).  All 
statistical  registers  are  cleared  "after  360  days  of  store 
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operation  in  an  effort  to  reduce  the  bias  induced  by  these 
initial  starting  conditions"  (Stark,  1987:59).  The  improved 
version  of  the  model  has  a  transient  phase  of  approximately 
1000  days  (Stark,  1990). 

2.  Daily  Transactions.  This  subroutine  "performs  the 
daily  sales  transactions  associated  with  inventory  control" 
(Stark,  1987:60).  A  random  daily  demand  is  generated  for  each 
item.  Daily  demand  generated  for  each  item  "fits  a  Normal 
distribution  with  a  mean  and  variance  as  specified  for  each 
UPC  during  model  initialization"  (Stark,  1987:60).  The  model 
counts  the  number  of  demands  that  are  satisfied  from  stock  as 
sales,  and  the  number  of  unsatisfied  demands  (demand  that 
occurs  when  on-hand  stock  is  at  zero)  as  lost  sales  (Stark, 
1987:59-60) . 

3.  Review  Period  Calculations.  This  subroutine 
calculates  an  item's  stock  control  level  and  reorder  point  at 
each  review  period.  If  an  order  is  necessary,  the  order 
quantity  needed  to  raise  the  inventory  position  up  to  the 
stock  control  level  is  calculated.  Inventory  position  is 
reset  to  the  stock  control  level  when  the  order  is  placed. 
On-hand  inventory  is  increased  by  the  size  of  the  order  when 
the  replenishment  arrives  (at  current  time  plus  lead  time). 
(Stark,  1987:60) 

4.  Model  Output.  The  model  produces  performance 
measures  for  individual  items  and  aggregate  measures  for  the 
entire  group  of  items  (Stark,  1987:61-62).  Performance 
measures  are: 
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a.  Average  Inventory  Position.  Average  of  daily 
Inventory  Position  (IP)  where  IP  =  (Stock  on-hand)  +  (Stock  on 
order) . 

b.  Average  On-Hand  Inventory. 

c.  Average  Reorder  Quantity. 

d.  Average  Buffer  Stock.  Average  level  of 
inventory  on-hand  just  before  a  replenishment  arrives. 

e.  Inventory-to-Sal es  Ratio.  Defined  as: 

t  .  a  3  Unit  Cost  x  Average  Inventozy  Position  ,  o\ 
Unit  Cost  x  Numbez  of  Units  Sold 


f.  Stock  Turns.  Inverse  of  inventory-to-sal es 


ratio . 


g.  Not-In-Stock  (NIS)  Ratio.  Ratio  of  the  total 

number  of  lost  sales  over  the  total  number  demanded  (satisfied 

and  unsatisfied).  The  model  also  reports  the  cumulative 

number  of  items  sold  and  sales  lost  on  an  individual  and 

aggregate  average  basis  (Stark,  1987:61). 

In  his  discussion  of  model  validity.  Stark  cites  a  three- 

step  validation  procedure  developed  by  Naylor  and  Finger 

(Stark,  1987:89).  These  three  steps  are: 

1.  Build  a  model  that  has  high  face  validity.  As  Stark 

states,  the  models  in  this  study: 

tend  to  be  very  isomorphic  in  nature  and  inherently 

possess  a  rather  high  degree  of  'face  validity', 

consequently,  instead  of  some  sort  of  mystical  'black 
box',  in  essence,  each  of  the  models  is  nothing  more 
than  a  sophisticated  accounting  procedure  whose 
functioning  is  tedious  by  routine  (Stark,  1987:89). 

Stark  notes  that  average  inventory  position  and  average 


26 


inventory  on-hand  are  positively  correlated  with  the  review 
period,  which  is  an  example  of  consistency  of  results  produced 
by  the  model  (Stark,  1987:89). 

2.  Validation  of  model  assumptions.  Stark  notes  that 
"although  a  number  of  simplifying  assumptions  are  made  during 
the  model  development  stage,"  the  data  are  actual  daily  demand 
data  collected  from  the  Wright-Patterson  AFB  store,  and  "the 
effects  of  most  of  the  considerations  that  were  not  explicitly 
incorporated  into  the  model  structures  are  reflected  in  this 
data"  (Stark,  1987:90). 

3.  Validating  Input-Output  Transformations.  Two 
approaches  to  this  aspect  of  validation  are  using  the  model  to 
accurately  predict  the  future,  or  using  the  model  to  predict 
the  past  (using  historical  data).  Stark  was  unable  to  use 
either  of  these  approaches.  Predicting  future  performance 
with  the  system  was  not  possible  because  "the  time  and  effort 
required  to  actually  implement  the  decisions  recommended  by 
the  inventory  control  models  of  this  study  simply  exceed  the 
scope  of  the  research"  (Stark,  1987:90).  The  second  approach, 
actually  predicting  the  past,  was  also  not  possible.  One  of 
the  models  simulates  AFCOMS'  current  inventory  control  system, 
however,  "interviews  with  personnel  of  the  Wright-Patterson 
AFB  store  reveal  that  inventory  control  recommendations  by 
ACOS  are  routinely  overridden"  (Stark,  1987:90).  Because  of 
this  accurate  historical  data  are  not  available.  Historical 
data  for  the  Bytronic  and  Tijms  systems  are  not  available  as 
neither  system  has  ever  been  implemented  by  AFCOMS  (Stark, 
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1987:91)  . 

As  previously  stated.  Captain  Stark  made  significant 
improvements  to  the  model  while  working  at  AFCOMS 
headquarters.  Stark  was  able  to  check  the  face  validity  and 
validate  the  assumptions  of  the  enhanced  model,  but  was  again 
unable  to  validate  using  input-output  transformations 
(predictive  validity).  Face  validity  and  the  model's 
assumptions  were  checked  with  AFCOMS  experts.  Additionally, 
sensitivity  analysis  was  used  in  testing  face  validity.  Stark 
interviewed  the  management  of  a  number  of  commissary  stores  in 
an  attempt  to  find  a  store  suitable  for  use  in  testing  input- 
output  transformations.  However,  the  model  represents  the 
ideal  commissary  which  follows  ACOS  and  AFCOMS  operating 
procedures  without  deviation,  and  Stark  was  unable  to  find  a 
real  world  commissary  store  which  followed  the  system  closely 
enough  to  make  an  input-output  validation  study  viable. 
(Stark,  1990) 

In  his  recommendations  for  further  study.  Stark  suggests 
that  if  "a  sufficiently  linear  relationship  between  not-in- 
stock  and  coefficient  of  variability  could  be  established,"  a 
response  surface  could  be  generated.  Stark  goes  on  to  say, 
"this  surface  could  be  used  to  determine  required  buffer  size 
to  obtain  a  prescribed  stockage  objective  (stated  in  terms  of 
not-in-stock  rate)  for  a  product  with  a  known  variability  of 
demand  (stated  in  terms  of  coefficient  of  variation)."  A  more 
exact  match  could  be  made  between  variability  of  demand  and 
safety  stock  as  buffer  size  would  be  treated  as  a  continuous 
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variable.  (Stark,  1987:123-124) 


Summary  of  Related  Thesis 

The  aspect  of  Stark’s  work  that  is  most  relevant  to  this 
research  is  his  inventory  simulation  modeling  work  for  the 
commissary  environment.  The  thorough  description  of  the 
technical  aspects  of  the  model  provide  an  understanding  of  the 
model’s  internal  operation  and  how  output  data  is  calculated. 
An  unavoidable  weakness  in  Stark's  work  is  the  lack  of  a 
predictive  validity  study  of  the  model.  However,  strong 
efforts  have  been  made  to  ensure  high  face  validity,  and 
AFCOMS  has  enough  confidence  in  the  model  to  have  used  it  in 
numerous  in-house  studies.  For  this  study  the  model  will  be 
accepted  as  being  satisfactorily  validated. 
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Ill .  METHODOLOGY 


General 

The  basic  objective  of  this  research  was  to  develop  a 
method  of  establishing  safety  stock  levels  to  meet  a 
predetermined  customer  service  level.  This  method  was 
compared  with  two  alternate  methods,  as  well  as  the  baseline 
(current)  safety  stock  levels.  Using  the  model  developed  by 
Stark,  the  effectiveness  and  cost  of  the  commissary's  current 
method  was  compared  with  (1)  the  Targeted  Service  Level  method 
-  which  involved  setting  safety  stock  to  meet  AFCOMS'  two 
percent  NIS  customer  service  level  objective,  (2)  the  Bytronic 
approach  based  on  an  A-B-C  classification  scheme,  and  (3)  two 
versions  of  Stratified  Targeted  Service  Levels  -  a  method 
combining  aspects  of  the  customer  service  level  and  Bytronic 
methods . 

Data 

HQ  AFCOMS  provided  60  days  of  daily  demand  and  price  data 
for  6000  warehoused  items  at  the  Randolph  AFB  commissary. 
These  data  were  collected  through  the  Automated  Commissary 
Operations  System  (ACOS).  The  checkout  scanners  and  certain 
aspects  of  the  inventory  management  system  are  components  of 
ACOS.  HQ  AFCOMS  also  provided  a  data  file  of  inventory 
characteristics  for  each  warehoused  product.  This  file 
contained  Universal  Product  Code  (UPC),  casepack,  description, 
vendor  code,  review  period,  lead  time,  safety  days,  and  store 
department.  (Stark,  1990) 
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The  daily  demand  figures  used  in  this  study  were  the 
actual  demands  for  each  day  of  the  sixty  day  collection 
period.  It  is  important  to  note  this  as  oftentimes  daily 
demand  is  actually  average  daily  demand,  computed  by  dividing 
total  weekly  or  monthly  demand  by  7  or  30.  This  normal  method 
of  data  collection  is  not  preferred  as  it  suppresses  the  true 
variance  of  daily  demand.  These  data  were  collected  in  this 
manner  to  avoid  the  distortions  created  by  such  averaging. 

To  operate  the  model  an  input  file  containing  the 
fol lowing  data  fields  is  required:  UPC,  review  period,  price, 
average  daily  demand,  standard  deviation  of  daily  demand,  lead 
time,  safety  days,  factors  for  lowest  and  highest  reasonable 
lead  time,  casepack,  department  code,  and  vendor  code.  In 
order  to  create  an  input  file  for  the  model,  the  average  daily 
demand  and  standard  deviation  of  daily  demand  were  computed 
using  the  daily  demand  data.  These  values  were  combined  with 
data  from  the  item  characteristics  data  file  to  create  an 
input  file  the  model  would  accept.  Note  that  the  number  of 
safety  days  of  inventory  to  be  maintained  was  input  to  the 
model  from  the  data  file;  this  value  was  computed  for  each 
item. 

To  account  for  lead  time  variability,  the  model  accepts 
factors  for  the  shortest  and  longest  reasonable  lead  times  the 
commissary  would  expect.  These  factors  establish  the  bounds 
of  a  triangular  distribution  that  is  used  to  define  lead  time. 
For  example,  if  the  short  factor  is  .85,  this  would  indicate 
that  the  shortest  reasonable  lead  time  the  commissary  would 
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expect  would  be  .85  times  the  vendor  quoted  lead  time. 
Although  lead  time  variability  will  affect  the  Not-In-Stock 
(NIS)  rates  the  model  produces,  in  this  study  it  was  not  used 
as  a  factor  to  determine  safety  stock  levels.  The  primary 
reason  is  that  data  on  vendor  delivery  performance  is  not 
available  (Kleaver,  1990).  Also,  management  at  the  Wright- 
Patterson  AFB  commissary,  who  judge  their  store's  operation  to 
be  typical  of  most  other  commissary  stores,  do  not  consider 
lead  time  variability  to  be  a  significant  problem  (Kleaver, 
1990).  At  the  Wright-Patterson  AFB  commissary,  the  store 
receiving  function  schedules  order  arrivals  based  on  receiving 
capacity  and  to  keep  the  day  to  day  work  load  stable.  This 
could  result  in  a  delivery  delay  of  several  days  if  a  vendor 
had  to  wait  for  a  delivery  appointment  (Kleaver,  1990). 
Furthermore,  management  at  the  Wright-Patterson  AFB  commissary 
discourages  lead  time  variability  by  dealing  harshly  (i.e. 
cancelling  orders)  with  vendors  who  do  not  deliver  on  schedule 
(Kleaver ,  1990 ) . 

Experimental  Design 

The  methodology  for  conducting  this  research  was  composed 
of  four  phases:  (1)  use  the  data  provided  by  AFCOMS  to  build 
a  regression  model  that  relates  coefficient  of  variation  (CV) 
and  buffer  stock  percent  (B%)  to  the  not-in-stock  (NIS)  rate, 
(2)  prepare  a  sample  of  items  from  the  AFCOMS  data  and  compute 
safety  stock  for  each  item  for  each  of  the  four  alternative 
methods,  (3)  run  the  simulation  model  with  each  of  the  five 
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versions  of  the  sample  (same  items,  but  different  safety  day 
values  for  the  baseline  and  each  of  the  four  alternatives), 
and  (4)  analyze  and  compare  performance  data  for  the  baseline 
and  four  alternative  safety  stock  methods.  Safety  stock 
figures  were  converted  to  safety  days  (by  dividing  safety 
stock  by  average  daily  demand)  prior  to  being  input  into  the 
model . 

As  stated  in  chapter  one,  the  vendor  and  item  manager 
agree  on  the  order  review  period,  order  lead  time,  and  the 
number  of  safety  days  of  inventory  that  must  be  maintained. 
These  values  are  the  same  for  all  of  a  vendors'  products 
(Berger,  1990).  Current  safety  stock  values  were  contained  in 
the  item  characteristics  data  file  provided  by  AFCOMS.  The 
safety  stock  levels  AFCOMS  currently  uses  constitute  the 
baseline  for  this  study. 

Targeted  Service  Levels  (TSL)  is  the  first  method  of 
determining  safety  stock  levels.  Safety  stock  is  set  to 
deliver  a  certain  level  of  customer  service.  Chapter  two 
describes  several  different  measures  of  defining  customer 
service.  For  this  research  the  Not-In-Stock  (NIS)  ratio  was 
used.  This  measure  was  selected  primarily  because  it  is  the 
service  performance  measure  Stark's  model  produces,  but  it  is 
also  a  highly  appropriate  measure  in  this  circumstance.  A 
regression  model  with  CV  and  buffer  percent  as  independent 
variables,  and  NIS  rate  as  the  response  was  built.  While  each 
item's  demand  variability  cannot  be  controlled,  its  level  of 
buffer  stock  can  be.  By  rearranging  the  regression  equation. 
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setting  the  NIS  rate  equal  to  the  desired  customer  service 
level,  and  making  buffer  percent  the  unknown  variable,  the 
number  of  safety  days  required  to  meet  the  desired  NIS  rate 
can  be  determined  for  any  level  of  demand  variability. 

As  a  measure  of  demand  variability.  Stark  uses  the 
Coefficient  of  Variation  (CV),  which  is  computed  as  follows: 


,  SD{D) 

*+L  DMDy.  ( R  +  L ) 


(9) 


where 

SD( D)  =  Standard  deviation  of  daily  demand 

R  =  Review  period 

L  =  Lead  time 

DMD  =  Average  daily  demand 


Stark  explains  that,  "the  numerator  represents  the  standard 
deviation  of  daily  demand  corrected  for  the  period  during 
which  the  system  is  exposed  to  uncertainty...,  while  the 
denominator  represents  average  demand  during  the  review  period 
and  lead  time"  (Stark,  1987:96). 

The  buffer  stock  percentage  defines  safety  stock  as  a 
percent  of  the  total  demand  during  review  period  and  lead 
time.  It  is  calculated  as  follows: 

n  "  IrTITk^  (10) 


where 

DMD  =  Average  daily  demand 
SAFDAY  =  Safety  days 
R  =  Review  period  (days) 

L  =  Lead  time  (days) 


CV  and  buffer  percent  were  the  only  independent  variables 
used  in  building  the  regression  model.  The  intent  of  this 
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research  was  to  determine  the  viability  of  establishing  safety 
stocks  to  meet  a  prescribed  customer  service  level  based  on 
demand  variability.  An  item’s  level  of  demand  is  also 
important  in  setting  safety  stocks,  as  a  high  demand,  low 
variability  item  will  require  a  higher  level  of  safety  stock 
than  a  low  demand,  high  variability  item.  Because  buffer 
stock  percent  defines  buffer  stock  in  terms  of  cumulative 
demand  during  review  period  and  lead  time,  the  demand  factor 
is  implicitly  included  in  the  model.  Consider  two  items,  A 
and  B,  both  have  a  review  period  plus  lead  time  equal  to  ten 
days,  and  a  30  percent  buffer  stock.  Average  daily  demand  is 
200  units  for  A  and  20  units  for  B.  These  items  have  the  same 
CV,  yet  safety  stock  is  600  units  for  A,  but  just  60  units  for 
B. 

To  obtain  the  NIS  data  required  to  build  the  regression 
equation,  the  simulation  model  was  run  using  the  complete  data 
set  provided  by  AFCOMS.  After  deleting  items  with  a  zero  or 
otherwise  invalid  average  daily  demand  or  standard  deviation 
of  daily  demand,  the  data  set  consisted  of  5621  items.  The 
simulation  run  length  was  5000  days.  The  model  was  set  to 
begin  data  collection  after  1000  days  of  operation;  this  was 
necessary  to  avoid  capturing  data  during  the  simulation's 
transient  period.  Table  three  lists  the  model  parameters  used 
for  these  runs.  To  ease  the  transfer  of  model  output  data  to 
SAS  and  quattro,  the  model’s  output  subroutine  was  altered  to 
write  the  NIS  rate,  coefficient  of  variation  (CV)  and  buffer 
stock  percentage  for  each  item  to  a  separate  output  file. 
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This  placed  data  for  the  two  independent  variables,  CV  and 
buffer  stock,  and  the  dependent  variable,  NIS  rate,  in  a 
single  data  file.  Figure  two  is  an  XYZ  plot  of  the  actual  CV, 
buffer  stock  percent  and  Not-In-Stock  rate  (model  output)  data 
for  the  baseline  sample.  This  plot  demonstrates  the  expected 
relationship  between  these  three  variables. 

Table  3 

AFCOMS  Inventory  Model  Parameter  Settings 


Parameter 

Duration  of  Model  Run 

Duration  of  Model  Warm-up 
(transient  period) 

Average  Vendor  Fill  Rate 

Average  Inventory  Shrinkage 
Loss,  Breakage,  Theft  or 

Average  Short  Shipment  Rate 

Average  Long  Shipment  Rate 


Setting 
5000  days 

1000  days 
0.98 

due  to 

Spoilage  0.01 

0.02 

0.01 


Using  the  data  obtained  in  the  above  step,  the  SAS  PROC 
GLM  regression  function  was  employed  to  find  the  equation  that 
best  fits  the  response  surface  that  relates  CV  and  buffer 
stock  to  the  NIS  rate.  The  SAS  stepwise  regression  screening 
procedure  was  used  to  test  a  variety  of  variable  combinations, 
including  interactive  and  second  order  terms.  The  coefficient 
of  determination  (R-squared)  and  the  F-Test  were  the  criteria 
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used  to  evaluate  each  model's  accuracy  of  fit  (McClave  and 
Benson,  1988:661-666).  The  model  found  to  best  fit  the 
response  surface  was  used  to  compute  the  number  of  safety  days 
of  inventory  required  by  each  line  item  to  meet  the  prescribed 
NIS  rate. 

The  second  method  for  determining  safety  stock  levels  was 
recommended  by  Bytronic  Technologies.  As  stated  in  chapter 
two,  Bytronic  suggested  an  A-B-C  (20-30-50  percent)  approach 
based  on  demand  and/or  lead  time  variability.  After  computing 
CV  for  each  item,  the  items  were  rank  ordered  by  CV  in 
descending  order.  The  first  20  percent  of  the  items  (those 
having  the  highest  CV  values)  were  classified  as  Type  A,  the 
next  30  percent  were  classified  as  Type  B,  and  the  remaining 
50  percent  were  Type  C  items.  (Bytronic,  1987:78-86) 

Safety  stock  levels  for  Type  A  items  were  set  at  2.25 
times  adjusted  standard  deviation  ( °hdj)  *  Adjusted  standard 
deviation  is  calculated  as  follows: 

(4) 

where 

o  =  standard  deviation  of  daily  demand 
R  =  Review  period 
L  =  Lead  time 

Simple  20  and  10  percent  buffers  were  used  for  Type  B  and 
C  items.  These  buffer  stocks  are  computed  as  follows: 
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Bb  -  0.2 M(R  +  L) 


(6) 


Bc  =  0.1  M(R  +  L)  (7) 

where 

DMD  =  average  daily  demand 
R  =  review  period 
L  =  lead  time 

The  third  method  of  computing  safety  stock  is  the 
Stratified  Service  Levels  (STSL)  model.  It  is  a  variation  of 
the  Targeted  Service  Level  method.  The  sample  was  divided 
with  an  ABC  classification  scheme  (20-30-50  percent)  based  on 
unit  demand.  Targeted  service  levels  differed  between  item 
classes.  NIS  target  levels  were  1  percent  for  type  A  items, 
2  percent  for  type  B  items,  and  3  percent  for  type  C  items. 

The  fourth  safety  stock  method  was  basically  the  same  as 
the  STSL  method,  except  that  a  separate  regression  equation 
was  built  for  each  item  class.  The  rationale  for  this 
approach  was  that  the  predictive  accuracy  of  the  regression 
models  of  an  item  class  will  probably  be  higher  than  for  a 
model  spanning  all  items.  This  and  the  other  safety  stock 
methods  are  summarized  in  Table  4. 

The  advantage  of  the  stratified  targeted  service  levels 
approach  is  that  it  should  maintain  a  higher  customer  service 
level  for  the  most  important  (high  demand,  type  A)  items,  and 
a  lower  level  of  customer  service  for  less  important  (low 
demand,  type  C)  items.  This  would  result  in  a  more  efficient 
allocation  of  the  safety  stock  inventory  investment. 

A  sample  of  the  5621  item  population  was  used  in 
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Table  4 


Safety  Stock  Determination  Techniques 


Method 


Characteristics 


Basel ine 


-  Current  commissary  safety  stock 
levels 


Targeted  Service 
Level 


-  Uses  regression  model  that  relates 
NIS  Level (dep)  to  buffer  %  and  C V 
(indep) 

-  Safety  stocks  set  to  deliver  a  pre¬ 
determined  customer  service  level 


Bytronic  -  A-B-C  classification  scheme  by 

coefficient  of  variation 

-  Safety  stock  of  type  A  items  set  to 
2-25  <^u 

-  Safety  stocks  of  type  B  and  C  items 
are  20  and  10%  buffers,  respectively. 


Stratified  Targeted 
Service  Levels 


-  A-B-C  classification  scheme 
by  unit  demand 

-  Safety  stocks  of  high  demand  item  set 
to  deliver  1%  NIS  rate 

-  Type  B  items  set  to  deliver  2%  NIS 

-  Type  C  items  set  to  deliver  3%  NIS 


Modified  Stratified 

Targeted  Service  Levels  -  Same  as  STSL,  but  separate  regression 

models  built  for  each  item  class 


comparing  the  performance  of  the  safety  stock  methods  and 
validating  the  regression  model.  A  sample  was  used  rather 
than  the  entire  population  because  time  constraints  precluded 
spending  the  large  amount  of  time  required  to  make  5000  day 
simulation  runs  for  all  5621  items.  The  following  formula 
estimates  the  sample  size  necessary  to  obtain  a  confidence  of 
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total  width  W  with  a  confidence  of  lOO(l-o)  percent  (McClave 
and  Benson,  1988:255): 


it 


4  <Z.)a  a2 
S 

w® 


(11) 


where 

Za^2  =  Z  score  for  confidence  level 
o*  =  standard  deviation 

W  =  confidence  interval  width 

Given  the  standard  deviation  of  NIS  rates  of  2.0572  (from  the 
5600  item  population),  a  confidence  interval  width  of  0.2,  and 
a  90  percent  confidence  level,  the  necessary  sample  size  is 
estimated  to  be  694.  Because  NIS  is  not  normally  distributed, 
it  was  decided  to  increase  the  sample  size  to  1100  items  in 
order  to  ensure  accuracy  of  the  inferences  about  the 
population.  The  sample  size  estimated  above  was  used  as  a 
guideline.  A  sample  of  1100  items  was  randomly  selected  from 

the  5621  item  population.  Safety  day  values  for  each  of  the 

four  safety  stock  methods  were  computed  for  each  item.  Safety 
days  were  rounded  to  the  nearest  integer. 

After  simulation  runs  were  made  with  the  1100  item 
samples  of  the  baseline  levels,  and  the  four  alternative 
methods,  the  performance  results  were  compared  and  analyzed. 
The  appendix  contains  the  safety  day  values  (as  well  as  other 
key  data)  assigned  to  each  line  item  for  the  baseline  and  the 
four  alternative  safety  stock  methods.  The  three  primary 
performance  measures  this  study  used  (listed  in  Table  5)  were 
the  NIS  rate,  the  I:S  ratio,  and  aggregate  investment  in 


41 


inventory  safety  stock.  The  NIS  rate  was  be  employed  as  a 
measure  of  customer  service.  The  I:S  ratio  and  aggregate 
investment  in  inventory  safety  stock  were  used  to  gauge  the 
cost  of  maintaining  a  particular  safety  stock  strategy. 

Performance  measures  for  item  types  were  also  examined. 
The  Bytronic  and  STSL  methods  assign  items  to  a  class  based  on 
their  CV  or  average  daily  demand.  Safety  stock  was  computed 
differently  for  each  class.  For  ease  of  comparison,  the  TSL 
and  baseline  performance  data  were  also  broken  into  A-B-C  (20- 
30-50%)  classes  for  both  a  unit  demand  and  CV  ranking. 
Performance  statistics  were  computed  for  these  classes. 
Examining  the  performance  of  item  classes  is  important  because 
it  can  show  that  a  particular  technique  may  be  effective  for 
some  classes  of  items,  but  ineffective  for  others. 

NIS  rates  were  the  measure  used  in  determining  how  well 
a  particular  safety  stock  strategy  met  customer  service 
objectives.  Mean  NIS  rate  is  a  key  customer  service  measure. 
Standard  deviation  of  item  NIS  rates  measures  the  variability 
of  item  NIS  rates.  A  technique  which  results  in  a  mean  NIS 
near  the  objective  level,  but  has  a  wide  variation  in  item  NIS 
rates  is  not  desired.  The  percentage  of  items  not  meeting  the 
two  percent  NIS  rate  was  also  used  in  measuring  customer 
service . 

As  stated  in  chapter  one,  the  AFCOMS  objective  is  to 
maintain  an  I:S  ratio  below  65  percent  (Solheim,  1990).  The 
model  produces  an  aggregate  I:S  ratio  just  as  it  does  for  the 
NIS  rate.  The  I:S  ratios  of  individual  items  are  not  relevant 
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in  this  analysis. 


Table  5 

Performance  Measures  for  Safety  Stock  Methods 


Customer  Service  Measures 
Mean  Not-In-Stock  Rate 

Percent  of  Items  not  Meeting  NIS  Objective 

Cost  Measures 

Aggregate  Investment  in  Inventory  Safety  Stock 
Mean  Number  of  Safety  Days 
Inventory  Position  to  Sales  Ratio 


Aggregate  investment  in  inventory  safety  stock  is  the 
primary  measure  of  the  cost  of  implementing  a  safety  stock 
strategy.  This  value  was  computed  by  summing  the  dollar  value 
of  safety  stocks  (safety  stock  quantity  times  price)  for  each 
line  item.  Inventory  investment  in  safety  stock  was  also 
computed  for  item  classes.  A  useful  comparison  made  was  cost 
versus  NIS  for  item  classes.  This  allows  for  a  cost-benefit 
analysis  of  safety  stock  techniques  by  item  class. 

Summary 

The  methodology  contained  in  this  chapter  essentially 
involved  performing  the  same  series  of  steps  for  each  of  the 
four  safety  stock  techniques  and  the  baseline.  Once  safety 
stock  levels  were  determined  for  the  particular  method,  the 
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model  was  run  with  an  1100  item  sample.  A  comparison  of  the 
results  of  the  runs  form  the  basis  for  this  study's 
conclusion. 

Time  constraints  preclude  the  testing  of  a  variety  of 
parameters  for  each  of  the  safety  stock  techniques.  The 
intention  was  to  study  the  viability  of  establishing  safety 
stock  levels  to  meet  prescribed  customer  service  levels. 
Finding  the  parameters  that  optimize  safety  stock  levels 
(lowest  NIS  rate  for  the  lowest  cost)  was  not  an  objective  of 
this  research. 
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General 


This  chapter  is  divided  into  seven  sections,  each  of 
which  corresponds  to  a  particular  phase  of  the  methodology. 
The  first  section  describes  the  building  of  a  multiple 
regression  model  to  relate  the  NIS  rate  to  buffer  stock 
percentage  and  coefficient  of  variation. 

In  the  next  five  sections  an  analysis  of  the  performance 
of  the  baseline  (current)  safety  stock  level,  and  each  of  the 
four  alternative  methods  of  computing  safety  stock  are 
presented. 

The  last  section  compares  the  performances  of  each  safety 
stock  method,  and  discusses  the  strengths  and  weaknesses  of 
each  approach. 

Regression  Model 

In  this  portion  of  the  research  a  probabilistic  model 
relating  NIS  rate  to  coefficient  of  variation  (CV)  and  buffer 
stock  percent  was  developed.  The  regression  model  was  used 
in  determining  safety  stock  for  the  Targeted  Service  Level  and 
Stratified  Targeted  Service  Levels  models.  The  SAS  General 
Linear  Models  (GLM)  and  Stepwise  screening  procedures  were  the 
tools  used  to  fit  an  equation  to  the  response  surface.  As 
explained  in  chapter  three,  the  regression  model  was  limited 
to  CV  and  buffer  stock  percent  as  independent  variables. 
After  trying  several  first  and  second  order,  and  interactive 
variable  combinations,  it  appeared  that  a  simple  first  order 
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Table  6 


ANOVA  Table  for  NIS  Prediction  Model 


Sub  of 

Mean 

Source 

DP  Squares 

Square 

P  Value 

Pr  >  P 

Model 

2  0.77076617 

0.38538308 

1346.31 

0.0001 

Error 

5617  1.6078682 

0.00028625 

Corrected  Total 

5619  2.37863637 

Root  MSE 

0.01692 

R-Square 

0.3240 

Dep  Mean 

0.03353 

id j  R-Sq 

0.3238 

C.V. 

50.45653 

ParaBeter  Estimates 

Paramter  Standard 

T  for  80: 

Variable 

DP 

Estimate  Error 

Paraneter=0 

Prob  >  |T 

Intercept 

1 

0.0024332  0.00073729  33.002 

0.0001 

Buffer 

1 

-0.114066  0.00271105  -42.075 

0.0001 

CV 

1 

0.247953  0.00537030  46.171 

0.0001 

model  held  the  most  promise.  The  ANOVA  table  for  this  model 
is  shown  in  Table  six.  Because  the  coefficient  of 
determination  (r^)  was  only  0.324,  methods  of  improving  the 
model's  fit  were  investigated.  The  residual  plot  indicated 
the  presence  of  heteroscedasticity .  A  frequency  histogram  of 
NIS,  the  response  variable  (Figure  three),  shows  that  it 
appears  to  exhibit  a  Poisson  distribution.  The  SAS  Proc 
Univariate  function  was  used  to  test  NIS  for  normality  with 
the  Kolmogorov-Smirnof f  test.  This  test  confirmed  that  NIS 
did  not  fit  a  normal  distribution  (D=0. 067243  at  the  <.01 
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NoHn-Sfock  Percent 


Figure  3.  Frequency  Histogram  of  Not-In-Stock  Rate 


level  of  significance).  According  to  Neter  and  Wasserman, 
"heteroscedasticity  is  inherent  when  the  response  in 
regression  analysis  follows  a  distribution  in  which  the 
variance  is  functionally  related  to  the  mean"  (Neter  and 
Wasserman,  1974:131).  This  is  the  case  with  a  Poisson 
distribution.  Neter  and  Wasserman  suggest  using  a  square  root 
transformation  to  stabilize  the  variance  and  improve  normality 
(Neter  and  Wasserman,  1974:131,507-514).  The  transformation 
Y'  =  log(Y)  was  also  tried.  Neither  transformation  was 
effective.  The  square  root  transformation  produced  only 
slight  improvement  in  the  r*,  while  the  log  transformation 
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actually  lowered  the  r2 .  Given  the  inability  to  improve  the 
model  through  transformation,  it  was  decided  to  proceed  using 
the  simple  first  order  model  shown  in  Table  six. 

Because  the  predictive  accuracy  of  the  population-wide 
regression  model  was  weak,  it  was  decided  to  divide  the 
population  into  an  A-B-C  classification  scheme  (20-30-50 
percent)  by  unit  demand,  and  build  a  separate  regression  model 
for  each  item  class.  ANOVA  tables  for  each  of  the  models  are 
shown  in  Tables  7,  8  and  9.  Note  that  the  r2  values  for  the 
type  A  and  B  models  were  considerably  higher  than  the  r2  of 
the  initial  model.  These  models  were  used  to  predict  the 
required  buffer  stock  percent  for  the  modified  STSL  method. 

Baseline  Results 

AFCOMS'  current  safety  day  levels  constituted  the 
baseline  for  this  study.  Baseline  performance  measures  are 
displayed  in  Table  10  and  Figures  4  and  5.  The  baseline 
safety  stock  levels  resulted  in  a  mean  NIS  rate  of  3.405 
percent  with  an  investment  in  inventory  safety  stock  of 
$57,023.  NIS  rates  ranged  widely,  as  indicated  by  the 
relatively  high  NIS  standard  deviation  of  2.023  percent.  The 
inventory  position  to  sales  ratio  of  59.36  percent  was  well 
below  AFCOMS'  65  percent  ceiling.  The  two  percent  objective 
was  not  met  by  72.8  percent  of  the  baseline  items. 

It  appears  that  the  baseline  safety  stocks  were 
established  primarily  on  the  basis  of  average  daily  demand. 
As  shown  in  Figure  4,  demand  Type  A  items  account  for  47.9 
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Table  7 


ANOVA  Table  for  Type  A  NIS  Prediction  Model 


Sub  of 

Mean 

Source 

Of  Squares 

Square 

F  Value 

Pr  >  P 

Model 

2  0 . 3052879 

0.15264399 

512.68 

0.0001 

Error 

1122  0 . 33405907 

0.00029774 

Corrected  Total 

1124  0.S3934705 

Root  MSE 

Q. 01725 

R-Square 

0.4517 

Dep  Mean 

0.03819 

Bdj  R-Sq 

0.4498 

C.V. 

45.17715 

Variable 

OF 

Paranter 

Estimate 

Parameter  Estimates 
Standard 

Error 

T  for  80: 
Parameter-0 

Prob  >  IT 

Intercept 

1 

1 

0.023006 

0.00171577 

16.910 

0.0001 

Buffer  ’ 

1 

-0.134025 

0.00670566 

-19.99 

0.0001 

CV 

1 

0.323311 

0.01063749 

30.39 

0.0001 

Table  8 

ANOVA  Table  for  Type  B  NIS  Prediction  Model 


Sui  of 

Mean 

Source 

DF  Squares 

Square 

F  Value 

Pr  >  F 

Model 

2  0.37787615 

0.18893808 

715.70 

0.0001 

Error 

1689  0.44588009 

0.00026399 

Corrected  Total 

1691  0.82375624 

Root  MSE 

0.01624 

R-Square 

0.4587 

Dep  Mean 

0.03819 

id j  R-Sq 

0.4544 

C.V. 

45.40100 

Parameter  Estimates 

Parameter  Standard 

T  for  BO: 

Variable 

DF 

Estimate  Error 

Parameter^ 

Prob  >  !T 

Intercept 

1 

0.022836  0.00130853  17.45 

0.0001 

Buffer 

1 

-0.133274  0.00448600  -29.71 

0.0001 

CV 

1 

0.319461  0.00955000  33.45 

0.0001 
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Table  9 


ANOVA  Table  for  Type  C  NIS  Prediction  Model 


Sun  of 

Mean 

Source 

DP  Squares 

Square 

P  Value 

Pr  >  P 

Model 

2  0.28286077 

0.14143039 

691.88 

0.0001 

Error 

2812  0.57481715 

0.00020442 

Corrected  Total 

2814  0.85767792 

Soot  MSE 

0.01429 

H-Square 

0.3297 

Dep  Mean 

0.03034 

id]  R-Sq 

0.3242 

C.7. 

47.12285 

Paraneter  Estinates 

Paraneter  Standard 

T  for  HO: 

Variable 

DP 

Estinate  Error 

Paraneter=0 

Prob  >  IT 

Intercept 

1 

0.020178  0.00091883  21.96 

0.0001 

Buffer 

1 

-0.117378  0.00347785  -33.75 

0.0001 

CV 

1 

0.240062  0.00740942  32.40 

0.0001 

Table  10 

Baseline  Performance  Statistics 


Mean  Not-In-Stock  Rate  3.402% 

Standard  Deviation  of  NIS  Rate  2.023% 

Percent  of  Items  Not  Meeting  2% 

NIS  Objective  72.8% 

Inventory  Position  to  Sales  Ratio  .5936 

On-Hand  Inventory  to  Sales  Ratio  .2736 

Mean  Number  of  Safety  Days  per  Item  3.38 
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Item  Type 
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Coefficient  of  Variation. 


percent  of  the  investment  in  safety  stock.  This  group 
performed  poorly,  with  an  NIS  rate  of  3.71  percent.  The 
demand  Type  C  items,  which  accounted  for  22.38  percent  of  the 
total  safety  stock  investment,  performed  better  with  an  NIS 
rate  of  3.15  percent. 

Demand  variability  does  not  appear  to  have  been  a  factor 
in  establishing  baseline  safety  stocks.  The  CV  type  A  group 
was  allocated  only  10.9  percent  of  the  safety  stock 
investment,  and  fared  poorly,  having  an  NIS  rate  of  4.49 
percent.  Of  the  CV  Type  A  items,  7  9.5  percent  had  an  NIS  rate 
greater  than  2  percent.  In  fact,  over  one  third  of  this  group 
had  NIS  rates  above  5  percent. 

Targeted  Service  Level  Results  ( TSL) 

By  making  buffer  percent  the  unknown  in  the  NIS 
regression  model  and  setting  NIS  rate  equal  to  2  percent,  the 
following  equation  was  obtained  for  setting  safety  stock: 

B%  =  .037978  +  2.173768  CV  (12) 

Performance  statistics  for  the  TSL  method  are  shown  in 
Table  11  and  Figures  6  and  7.  This  method  resulted  in  an  NIS 
rate  of  1.66  percent  -  the  lowest  of  any  of  the  techniques 
tested.  The  extremely  low  NIS  rate  was  achieved  at  a 
significant  cost,  however.  The  aggregate  inventory  safety 
stock  was  $82,828  -  45  percent  higher  than  the  baseline.  The 
Inventory  to  Sales  ratio  of  .6563  is  still  acceptable  however. 
Items  with  low  demand  (type  C)  or  high  CV  (type  A)  had  the 
lowest  NIS  rates  -  1.24  and  1.47  percent,  respectively.  A 
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Table  11 


Targeted  Service  Level  Performance  Statistics 


Mean  Not-In-Stock  Rate  1.66% 

Standard  Deviation  of  NIS  Rate  1.145% 

Percent  of  Items  Not  Meeting  2% 

NIS  Objective  27.8% 

Inventory  Position  to  Sales  Ratio  .6563 

On-Hand  Inventory  to  Sales  Ratio  .3363 

Mean  Number  of  Safety  Days  per  Item  5.64 


possible  explanation  for  this  is  that  the  model  weights  CV  too 
heavily  and  demand  too  lightly.  The  demand  Type  A  group  was 
the  only  group  with  an  NIS  exceeding  two  percent,  however,  at 
2.29  percent  it  was  reasonably  close  to  the  target. 

Overall,  this  method,  set  for  a  two  percent  NIS  target, 
established  safety  stock  levels  that  were  too  high.  This 
method  produced  average  NIS  rates  below  two  percent  for  all 
item  types  but  the  demand  type  A  group.  The  problem  is  most 
evident  with  the  low  demand  items.  The  lowest  demand  items 
(type  C)  had  a  1.24  percent  NIS  rate,  and  only  13  percent  of 
these  items  had  an  NIS  rate  of  over  two  percent.  This 
indicates  an  inefficient  over-allocation  of  safety  stock 
investment  to  these  items  of  lower  importance. 

Stratified  Targeted  Service  Levels  (STSL) 

For  this  approach,  items  were  arranged  in  an  A-B-C  (20- 
30-50%)  classification  scheme  by  unit  demand.  Equations 
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Down  by  Coefficient  of  Variation, 


setting  NIS  rate  to  predetermined  levels  were  developed  from 
the  NIS  regression  model.  NIS  objectives  were  one  percent  for 
Type  A,  two  percent  for  Type  B,  and  three  percent  for  Type  C 
items.  Equations  used  to  compute  the  buffer  stock  percent  are 
as  follows: 

B%a  -  0.125647  +  2.173768  CV  (13) 
B%a  -  0.037978  +  2.173768  CV  (14) 

B%c  -  -0.049691  +  2.173768  CV  (15) 

As  expected,  this  method  allocated  safety  stock  heavily 
to  high  demand  items,  as  high  demand  items  were  assigned  a 
higher  service  level.  Of  the  total  $87,000  investment  in 
inventory  safety  stock,  49.09  percent  was  devoted  to  Type  A 
items,  as  shown  in  Figure  8.  Even  with  this  substantial 
allocation  to  high  demand  items  the  targeted  one  percent  NIS 
rate  was  not  achieved.  The  actual  NIS  rate  for  Type  A  items 
was  1.52  percent.  Type  C  items  had  an  average  NIS  rate  of 
2.08  percent  -  relatively  far  below  the  target  of  three 
percent.  With  this  particular  parameter  set  the  STSL  method 
achieved  an  average  NIS  rate  of  1.91  percent  with  a  safety 
stock  investment  of  $87,000.  This  parameter  set  is  not  viable 
given  that  the  TSL  method  achieved  a  1.66  percent  NIS  rate 
with  an  $82,828  safety  stock  investment. 

NIS  targets  for  the  separate  models  STSL  method  were  set 
to  2,  3  and  3.5  percent  for  type  A,  B  and  C  items,, 
respectively.  NIS  targets  -sed  for  the  model  run  were 
increased  from  the  first  STSL  run  because  the  aggregate 
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Table  12 


Stratified  Targeted  Service  Level 
Performance  Statistics 


Mean  Not-In-Stock  Rate  1.915% 

Standard  Deviation  of  NIS  Rate  1.147% 

Percent  of  Items  Mot  Meeting  2% 

NIS  Objective  36.18% 

Inventory  Position  to  Sales  Ratio  .6427 

On-Hand  Inventory  to  Sales  Ratio  .32 

Mean  Number  of  Safety  Days  per  Item  5.1 


inventory  investment  required  for  1,  2  and  3  percent  NIS 

targets  was  $89,500.  This  level  was  considered  too  high  for 
this  parameter  set  to  be  viable.  The  new  NIS  targets  were 
increased  in  order  to  bring  the  required  inventory  investment 
closer  to  the  baseline  figure.  The  inventory  investment 
requirement  for  the  2,  3  and  3.5  percent  NIS  targets  was  a 
more  reasonable  $70,100. 

Safety  stocks  for  each  item  were  set  using  the  following 
equations : 

£%a  -  .067196874  +  2 . 41230609  CV  (16) 

B%b  -  .0212860125  +  2 . 3970299606  CV  (17) 

B%c  -  .00015213649  +  2. 0452118CV'  (18) 

Performance  results  for  the  modified  STSL  method  are  shown  in 
Table  13  and  Figure  9.  This  modified  STSL  method  resulted  in 
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a  mean  NIS  of  3.07  percent.  NIS  rates  for  the  item  classes 
were  closer  to  the  targeted  NIS  levels  for  type  A  and  C  items 
than  the  single  equation  STSL  method  was.  The  NIS  rates  for 
type  A  and  B  items  were  below  the  target  level,  indicating 
safety  stocks  were  again  being  set  too  high. 

Table  13 

Modified  Stratified  Targeted  Service  Levels 
Performance  Statistics 


Mean  Not-In-Stock  Rate  3.07% 

Standard  Deviation  of  NIS  Rate  1.82% 

Percent  of  Items  Not  Meeting  2% 

NIS  Objective  54.68% 

Inventory  Position  to  Sales  Ratio  .60 

On-Hand  Inventory  to  Sales  Ratio  .27 

Mean  Number  of  Safety  Days  per  Item  3.71 


Bvtronic  Method 

For  this  method,  items  were  rank  ordered  by  coefficient 
of  variation,  and  assigned  to  an  A-B-C  (20-30-50%) 
categorization.  Type  A  items  have  a  safety  stock  equal  to 
2.25  times  adjusted  standard  deviation,  while  type  B  and  C 
items  are  assigned  20  and  10  percent  buffer  stocks, 
respectively.  Performance  statistics  for  the  Bytronic  method 
are  shown  in  Table  14  and  Figure  10.  The  Bytronic  method 
produced  an  NIS  rate  of  3.93  percent  -  the  highest  of  the 
methods  tested.  However,  with  an  aggregate  investment  in 
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Statistics  Broken  Down  by  Item  Type  (Separate  Models 
for  Each  Item  Class) 


safety  stock  of  $43,429,  its  cost  was  by  far  the  lowest.  This 
method  performed  well  with  CV  type  A  items.  An  NIS  of  1.79 
percent  and  a  comparatively  low  standard  deviation  of  NIS 
(1.25)  were  achieved  with  an  inventory  safety  stock  investment 
of  $11,064.  The  weakness  of  the  Bytronic  method  lies  with  the 
performance  of  the  type  B  and  C  items.  Type  B  items  had  an 
average  NIS  rate  of  4.03  percent,  while  type  C  items  had  an 
average  NIS  of  4.72  percent.  Both  B  and  C  items  had 
relatively  high  standard  deviations  of  NIS  of  2.27  and  2.55 
percent,  respectively. 

Table  14 

Bytronic  Method  Performance  Statistics 


Mean  Not-In-Stock  Rate  3.932% 

Standard  Deviation  of  NIS  Rate  2.52% 

Percent  of  Items  Not  Meeting  2% 

NIS  Objective  77.72% 

Inventory  Position  to  Sales  Ratio  .59 

On-Hand  Inventory  to  Sales  Ratio  .267 

Mean  Number  of  Safety  Days  per  Item  3.13 


The  Bytronic  method  shows  that  a  safety  stock  set  on  the 
basis  of  adjusted  standard  deviation  can  be  effective.  The 
NIS  rate  and  low  standard  deviation  of  NIS  for  the  type  A 
items  compares  very  favorably  to  the  other  methods 
especially  considering  the  low  inventory  investment.  Based 
on  the  performance  of  the  type  B  and  C  items  it  appears  that 
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Figure  10.  Bytroaic  Method  Performance  Statistics  Broken 
Down  by  Coefficient  of  Variation 


the  buffer  percentages  recommended  for  these  items  are  too  low 
to  achieve  an  overall  two  percent  NIS  rate. 

Comparing  the  Safety  Stock  Methods 

None  of  the  safety  stock  methods  emerges  as  being  clearly 
superior  to  the  others.  Figure  11  is  an  XY  plot  of 
performance  (NIS  rate)  against  cost  (safety  stock  investment). 
This  graph  shows  that,  with  the  parameters  sets  tested,  the 
TSL  method  was  superior  to  the  STSL  method.  TSL  achieved  an 
NIS  rate  of  1.66  percent  with  an  $82,828  inventory  investment, 
while  STSL  had  an  NIS  rate  of  1.91  percent  and  an  inventory 
investment  of  $87,000.  This  graph  is  also  useful  because  it 
shows  several  safety  stock  options  available  to  AFCOMS 
management.  Having  options  with  different  characteristics 
could  be  useful  to  management,  as  their  priorities  may  change. 
Financial  concerns  could  constrain  management's  attempts  to 
reduce  NIS  rates.  For  example,  budget  constraints  might  force 
management  to  accept  the  lowest  cost  safety  stock  method  which 
results  in  a  reasonable  NIS  rate.  This  graph  also  shows 
management  what  the  marginal  cost  of  improving  the  NIS  rate 
is . 

While  none  of  the  methods  shows  overall  superiority,  each 
has  its  own  positive  and  negative  aspects.  Some  methods 
prepuce  be**«’"  results  with  certain  types  of  items  than  other 
methods  do.  Determining  what  types  of  items  the  safety  stock 
methods  are  most  effective  with  provides  insight  that  can  be 
invaluable  when  designing  a  method  to  optimize  safety  stocks. 
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StocX  Inventory  Investment 


Figures  12,  13  and  14  are  scatterplots  of  MIS  rates 

versus  inventory  safety  stock  investment  for  demand  type  A, 
B  and  C  items.  Note  that  the  Bytronic  method  is  not  included 
as  it  is  based  on  CV. 

For  the  demand  groups,  TSL  and  STSL  were  the  best 
performing  methods.  TSL  handled  the  type  A  items  better  in 
terms  of  cost  than  STSL.  The  methods  are  identical  for  type 
B  items.  The  STSL  method  performed  better  than  TSL  with  type 
C  items.  The  regression  model  over-al locates  safety  stock  to 
low  demand  items.  The  STSL  method,  set  for  a  3  percent  NIS 
target  for  type  C  items,  resulted  in  a  2.08  percent  NIS  rate. 

Figures  15,  16  and  17  are  scatterplots  of  NIS  rate  versus 
inventory  safety  stock  investment  for  the  coefficient  of 
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Figure  12.  Scatterplot  of  NIS  versus  Inventory  Safety  Stock 
Investment  for  Demand  Type  A  Items. 
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Figure  13.  Scatterplot  of  NIS  Rate  Versus  Inventory  Safety 
Stock  Investment  for  Demand  Type  B  Items. 


Figure  14.  Scatterplot  of  NIS  Rate  Versus  Inventory  Safety 
Stock  Investment  for  Demand  Type  C  Items. 
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variation  (CV)  groups.  The  baseline,  TSL  and  Bytronic  methods 
are  compared  in  these  graphs.  For  the  CV  type  A  group  the  TSL 
and  Bytronic  methods  are  comparable  and  perform  well.  Both 
result  in  NIS  rates  below  two  percent.  The  baseline  is 
particularly  ineffective  for  CV  type  A  items,  as  it  has  an  NIS 
rate  of  4.49  percent.  For  the  CV  type  B  and  C  groups  the  TSL 
method  results  in  NIS  rates  below  two  percent.  The  baseline 
and  Bytronic  method  perform  poorly  with  the  type  B  and  C 
items . 

Summary 

This  analysis  showed  that  while  each  safety  stock 
technique  proved  to  be  viable,  each  has  its  own  strengths  and 
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Figure  15.  Scatterplot  of  NIS  Rate  Versus  Inventory  Safety 
Stock  Investment  for  Type  A  Items. 
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16.  Scatterplot  of  NIS  Rate  Versus  Inventory  Safety 
Stock  Investment  for  Type  B  Items. 
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Figure  17.  Scatterplot  of  NIS  Rate  Versus  Inventory  Safety 
Stock  Investment  for  Type  C  Items. 
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weaknesses  in  terms  of  performance  and  cost.  The  service 
level  based  techniques  perform  well,  but  a  stronger  NIS 
prediction  model  would  probably  improve  their  performances. 
Demand  variability  is  a  factor  that  deserves  attention  in 
setting  safety  stocks.  The  baseline  results  show  the  effects 
of  not  considering  it. 
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V .  CONCLUSIONS 


Overview 

The  efficient  allocation  of  safety  stock  inventory  is 
critical  to  improving  AFCOMS’  Not-In-Stock  (NIS)  rate.  The 
current  safety  stock  levels  appear  to  be  assigned  primarily  on 
the  basis  of  an  item's  level  of  demand.  The  objective  of  this 
research  was  to  develop  and  test  a  method  for  setting  safety 
stocks  to  meet  a  particular  customer  service  level.  Three 
service  level  type  approaches  for  setting  safety  stocks  were 
tested,  along  with  a  method  recommended  by  Bytronic 
Tecnnol ogies .  The  answers  to  the  research  questions  summarize 
the  results  of  the  research. 

The  final  section  of  this  chapter  contains  suggestions 
for  further  research  that  is  related  to  this  study. 

Answers  to  Research  Questions 

Research  Question  One 

To  what  extent  can  an  equation  be  fitted  to  the  response 
surface  that  relates  a  measure  of  an  item's  demand  variability 
and  desired  NIS  level  to  the  required  number  of  safety  days? 

The  regression  model  that  was  built  using  the  entire 
population  of  items  did  not  fit  the  response  surface  very 
well.  The  coefficient  of  determination  ( r‘ )  of  this  first 
order  model  was  .3240.  Attempts  to  improve  the  r  by  adding 
second  order  and  interactive  terms  were  not  successful . 
Because  the  residual  plot  of  the  simple  first  order  model 
indicated  the  presence  of  heteroscedasticity ,  transformations 
were  also  tried.  The  transformations  proved  ineffective  in 
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improving  the  r^.  Despite  the  low  r* ,  the  overall  NIS  rate 
that  resulted  from  the  Targeted  Service  Level  (TSL)  method  was 
remarkably  close  to  the  two  percent  objective,  at  1.66 
percent . 

Building  separate  regression  models  for  each  of  the 
demand  classes  resulted  in  improved  accuracy  for  the  type  A 
and  B  classes.  The  for  these  to  classes  was  improved  to 
.455.  There  was  no  improvement  for  the  demand  type  C  class. 

The  model  was  purposely  limited  to  coefficient  of 
variation  (CV)  and  buffer  stock  percent  (B%)  as  the 
independent  variables.  Some  experimentation  indicated  that 
adding  additional  independent  variables  (e.g.  average  daily 
demand,  review  period)  could  have  a  significant  positive 
effect  on  the  model's  predictive  ability.  It  is  possible  that 
a  more  sophisticated  technique  could  be  used  to  find  an 
equation  that  would  better  fit  this  nonlinear  surface. 
However,  an  overly  complex  model  may  be  difficult  to  use  in  a 
real  world  safety  stock  algorithm. 

Research  Question  Two 

To  what  extent  can  four  alternative  methods  of  computing 
safety  stock  be  used  in  the  commissary  operating  environment 
to  produce  lower  inventory  or  better  in-stock  rates? 

As  stated  in  chapter  four,  none  of  the  techniques 
displayed  clear  superiority  over  the  others.  Only  the  STSL 
method  had  a  performance  that  was  clearly  inferior.  It  is 
important  to  note  that  while  the  STSL  method  performed  poorly 
with  this  particular  parameter  set,  the  method  may  work  well 
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with  a  different  parameter  set. 

This  portion  of  the  research  showed  that  while  AFCOMS  has 
a  two  percent  NIS  rate  objective,  its  current  stated  safety 
stock  levels  are  insufficient  to  meet  this  goal.  Perhaps  this 
is  one  reason  why  store  management  typically  increase  50 
percent  of  ACOS  suggested  orders.  AFCOMS'  actual  NIS  rate  may 
be  far  lower  than  the  level  indicated  by  the  baseline  results, 
but  the  safety  stock  inventory  levels  are  most  likely  far 
higher  than  the  stated  levels.  The  safety  stock  investment 
required  for  the  two  percent  NIS  Targeted  Service  Level  (TSL) 
model  was  45  percent  higher  than  the  baseline  requirement, 
however,  TSL  resulted  in  an  NIS  rate  of  1.66  percent  versus 
3.4  percent  for  the  baseline.  Given  the  store  management's 
frequent  increases  to  ACOS  suggested  orders,  it  is  entirely 
possible  that  AFCOMS'  true  safety  stock  levels  are 
significantly  above,  perhaps  30  to  50  percent  above,  the 
stated  levels.  If  AFCOMS  actual  safety  stock  levels  are 
indeed  higher  than  the  stated  levels,  then  the  true  marginal 
cost  of  using  the  TSL  technique  may  be  far  less  than  the 
difference  between  the  baseline  and  TSL  method  levels  shown  in 
this  study.  Management's  intervention  in  the  ACOS  suggested 
order  system  conceals  the  true  investment  in  safety  stock  and 
makes  accurate  comparison  difficult.  Furthermore,  given  the 
adjustments  to  ACOS  suggested  orders,  the  Stark  model  is 
unlikely  to  be  an  accurate  predictor  of  actual  store 
performance.  While  the  comparisons  among  the  techniques  using 
the  model  are  useful,  management  cannot  be  certain  what  the 
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true  baseline  values  are.  While  preventing  management  from 
making  qualitatively  based  adjustments  to  orders  would  make 
the  model  more  accurate,  such  an  edict  makes  no  sense  by 
itself.  Managements'  behavior  is  consistent  with  Zinn  and 
Marmorstein' s  1990  research  that  showed  forecasting  demand 
leads  to  more  accurate  ordering.  Unfortunately,  such  an 
approach  is  also  likely  to  increase  inventory  levels. 

It  is  important  to  remember  Stark's  model  represents  the 
ideal  commissary  store  that  follows  AFCOMS  official  inventory 
management  procedues  without  deviation.  The  model  reflects 
inventory  ordering  policies  which  are  not  followed  in 
practice.  According  to  the  baseline  results,  following  these 
policies  would  produce  an  NIS  significantly  above  the  desired 
level.  Not  following  these  policies  appears  to  produce  higher 
inventory  levels  with  an  unknown  NIS  rate  (unknown  because 
ACOS  cannot  record  demands  for  products  that  are  not-in- 
stock) . 

In  answer  to  this  research  question,  any  of  the 
techniques  examined  in  this  study,  with  the  exception  of  the 
STSL  method,  are  viable  safety  stock  techniques  for  the 
commissary  environment.  As  stated  in  chapter  one,  inventory 
safety  stock  levels  represent  a  tradeoff  between  the  customer 
service  level  and  the  inventory  carrying  cost.  The  methods 
examined  herein  present  AFCOMS  with  several  alternatives  that 
have  different  positive  characteristics.  The  Bytronic  method 
had  the  highest  NIS  rate  of  the  methods  examined,  but  requires 
an  investment  in  safety  stock  that  is  24  percent  below  the 
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baseline  level.  At  the  other  end  of  the  spectrum,  the  TSL 
method  resulted  in  an  extremely  low  NIS  rate  of  1.66  percent, 
but  requires  an  inventory  safety  stock  investment  that  is  45 
percent  above  the  baseline. 

Recommendations  for  AFCOMS  Management 

AFCOMS  should  test  one  of  the  service  level  techniques  in 
a  store  to  determine  whether  the  technique  can  reduce  current 
actual  inventories  while  producing  an  acceptable,  or  improved, 
level  of  service.  The  baseline  figures  show  that  the  NIS  is 
substantially  larger  than  AFCOMS  goal.  The  baseline  results 
support  the  1989  Emmelhainz  research  that  showed  an  NIS  rate 
greater  than  two  percent. 

Recommendations  for  Further  Study 

This  study  examined  four  alternative  methods  for 
computing  safety  stock,  but  did  not  test  the  same  method  with 
different  parameter  sets.  A  logical  next  step  for  further 
research  would  be  to  find  parameter  sets  that  for  each  method 
that  optimize  safety  stock  levels.  The  objective  of 
optimization  would  be  to  find  a  parameter  set  that  results  in 
the  lowest  NIS  rate  with  the  least  cost.  The  Stratified 
Targeted  Service  Levels  method  performed  poorly  with  1,  2  and 
3  percent  NIS  targets  for  types  A,  B  and  C  items, 
respectively.  It  is  possible  that  the  method  might  perform 
better  with  a  different  parameter  set. 

Improving  the  fit  of  the  regression  equations  that  were 
built  to  predict  the  NIS  rate  would  have  a  positive  effect  on 
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the  performance  of  the  targeted  service  level  methods.  A  more 
sophisticated  regression  technique  is  needed  to  fit  an 
equation  to  this  nonlinear  surface.  This  study  limited  itself 
to  coefficient  of  variation  (CV)  and  buffer  percent  (B%)  as 
the  independent  variables,  however  this  need  not  be  the  case. 
Building  the  regression  equation  with  other  independent 
variables,  e.g.  demand  and  review  period,  would  definitely 
result  in  a  model  with  better  predictive  accuracy. 
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47400  11249  |  30  !  4.29  !  12.27  1  5.02  1  14  {  72  !  0.0773 

70470  305  !  7  !  0.48  1  12.24  !  5.31  !  3  !  12  !  0.1372 


Hean  !  Standard  !  Lead  !  Case  |  C V  !  8aseline  !  TSL  !  STSL  !  Mod  STSL  !  Bytronic 
Dad  !  Dev  !  Tiae  !  Pack  !  !  Saf  Days  Saf  Days  !  Saf  Days  !  Saf  Days  !  Saf  Days 


i  U  P  C  CODE  !  Rev  i  Price  !  Ilean  !  Standard  |  Lead  !  Case  !  CV  !  Baseline  !  TSL  !  STSL  !  Hod  STSL  1  8ytronic 
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24320  |  7  !  1.41  |  4.54  !  2.26  J  18  !  12  1  0.0996 

2400  !  7  |  2.78  i  4.54  !  1.89  j  7  {  12  j  0.1113 
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Price  !  Hean  !  Standard  J  Lead  !  Case  !  CV  Baseline  !  TSL  1  STSL  !  Hod  STSL  {  Bytronic 
J  Dad  !  Dev  !  Tiae  1  Pack  1  !  Saf  Days  !  Saf  Days  1  Saf  Days  !  Saf  Days  !  Saf  Days 


0.99  !  3.21  !  2.22  |  8  !  12  !  0.1786 

0.88  !  3.20  !  2.17  |  4  !  12  J  0.2045 
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Price  !  Mean  !  Standard  !  lead  !  Case  !  CV  !  8aseline  !  TSL  !  STSL  !  Hod  STSL  !  Bytronic 


56208  !  7  !  1.09  J  1.61  !  0.69  |  2  J  12  {  0.1429 

10075  !  7  1  1.85  !  1.60  |  1.00  !  2  !  12  !  0.2083 

1008  |  7  |  1.99  !  1.59  !  0.70  |  5  !  12  |  0.1271 


Baseline  !  TSL  !  STSL  !  Hod  STSL  !  Bytronic 
Saf  Days  !  Saf  Days  !  Saf  Days  !  Saf  Days  !  Saf  Days 
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Price  !  Mean  !  Standard  !  Lead  !  Case  !  CV  |  Baseline  TSL  !  STSL  !  Mod  STSL  !  Bytronic 
!  Dtd  |  Oev  !  Tine  |  Pack  !  !  Sat  Days  i  Saf  Days  !  Saf  Days  i  Saf  Days  !  Saf  Days 
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